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Harth 1s a planet--ome of many which, together with the sun, 

the stars, and the emptiness of spacé, makes up the universe. 

In this course you are asked to think about a number of questions 
Concerningrtie ecartiae aneluding: 

i owe wae Ose bles toiearn about enelrelationshi p or 
Dieter cm co thie sum, COPOotner Dilanetvs and) LosobDyects far out ain 
space? 

ees See ieee en SOE ao Ol Cie Oceans. enc why are 


people interested in learning more about them? 





3. What measurements must be made to know what part of 


ene OLanecrrearcom your livemonm? 





4. How can a knowledge of the earth's surface--the forms 


ie takes and the rocks which compose it--make life more interesting? 








o.- How can lite be preserved on an earth which is rapidly 


becoming so over-populated and polluted? 











6. What forces are responsible for different weather patterns 
around oul planet? 


7. Why are the highest mountain ranges found in the western 





part of North America instead of the eastern part? 
Soe What Nappened bo the dinosaurs and other extinct Lite 


HOUMS atid Wate Creatures Nave seaken wher places? 





9. What is the nature of the earth deep below its surface? 

Perinaps these questions would mot have been asked a few 
hundred years ago. Why, then, has the passage of time--a short 
time--brought about a need to ask these questions? 


igvecacelonor Barth satid, Time. a course in Garchy) science, 





tiencdestqned wo prepare youvlto search for answers to these and 
SCEReraMpOLtcant queslLions . 

You probably have many questions of your own to ask, and 
EO VaeOn One Cleseion you may wish to ask, is, "What do 
Objects witch are deep in space or far beneath the surtace of 


il en Oca eae lelvic mBOM COM Wilt leimen W 


There is no simple answereto such ar questi Onwete ta setime. 





But as you progress through the counse youtmey — indeeogen poe 
answers. 

Many ‘of the problemsewe @ace today results Grom Whatman 
has done and is doing to: the earth. . Perhaps a knowledge of 
earth science will help in solving some of these problems. 
Perhaps it will help prevent the people of your generation 
from makings avoidabl ereumots. 

EFarth science is such a broad subject that you may sometimes 
find ite difficult«tovsee why one parbicular’ sub jecke. eaumporcant 
to the entire picturé.9 (Tip yourden ray petience, (ei oy malieiceem 
do in the laboratory and read with interest; later the pieces 
of what may seem like a puzzle will begin to fit a pattern-- 


the change of earth through time. 


TEACHER 
MATERIAL 


PRE er LO THe: EA CHER 


Inperacelom.o. seabtmlancebame. CLEMT) 16 the stidird inna SerLes. of 


junior high school sciénce programs produced by the Interaction 





reLrence .CucriCulum —royect., All materials in this .edition are 
Soeeimenta land are Made evellable for classroom use only to .ou 
WiOme re ectively Dacticipating in esting the program and who 
have attended a briefing session to acquaint you with the philos- 
ophy and methods underlying the course. 

It is the authors' belief that.mo matter how appropriate 


WemMe ype stie Mabe Ria LS are .form junior highschool students, 











the real test is their degr OG SUGGES Svinsthe :classpoom..q.PuiLune 





editions of IET will be based upon feedback received from teachers 





Using the experimental editions. . Our testing program,.for the 
19/0-71 sGhnool yeas included approximately 90 teachers. and,.5,,500 
Studenve fom  chae,Uni tedestatessaend Canada..in <allkinds, ofschool 
SLtUa GLOnS,. 

Li WeddiveOT, a0 —pBOVLding 2 bASLC course in, Earth science, 
IET is also designed to be used in conjunction with the physical 


Setemce program, .interaction sof Matter jand Energy. andthe dite 





science program, Interactionsef Mansand the Biosphere, now avail- 


able in commercial editions from the publisher. 





PHILOSOPHY AND RATIONALE 


Interaction of Earth and Time™as “a “course in’ Barth Science) based 
upon an inquiry system®of. teaeming andy learnimg. eel itees) seem 
includes “observation, Investigation, -incerpletatsonwmeueceasam 


in appropriate literature, and eritical study of concius tons. 





We believe that repeated use of these skills should lead students 
to ‘an understanding Of thet processes Of SCieiee, ae Wel tea meta. 
them “to acquire knowledge im” the searemrsciences.— home ecomp its 
these goals we cannot attempt to cover all areas of related 
content. We consider it more important for students to explore 

a relataively few topics in depth. 


In texts as well“as in’ teaching, prematurevexplanartseneso. 





phenomena or disclosure of answers to problems may deprive students 


of the opportunity to test) their -abilveres. Sue praca ceseeera 





to produce passive acceptors of fact instead of active searchers 





tor knowledge. Most LED investiga vons ang scCteryn eho oie Gem 
structured that the teacher may guide students toward achieving 
maximum understanding through independent discovery. Textual 
material is, included to provide background “for \ene= laboratory 


activities rather than to offer answers to investigations. In 





some instances more specific information is given so that students 
will have a reasonable basis for pursuing investigations. The 
authors realize that only a very small percentage of students 
studying science in junior high school will ultimately become 
scientists. However, the main themes of this book are quite 
clearly important to all@citizeng of Banta. 

In preparing IET, the authors proceeded on these premises: 
(1) Textual material and laboratory investigations should not be 
treated as separate entities. (2) An inquiry approach to the 
teaching of science is essential if students are to develop 
initiative and investigative skills. 9(3)) Students muctyeagey 


studying science. If they "tune out the teacher" and do not 


become involved in the program, then they will have gained little 
OF Ctl tadea Go iNosm suudenes tim junior doh school @re curious 
and eager to learn when they begin a new course. They will 
leanne Lite iacemeinenan opportunity to realize: thatra search 
HOmweniow Ledce Goan soe perconally gratifying. » Gb) Students must 
realize that science 1s a search for knowledge based upon the 
best available information obtained through observation, experi- 
mentation, and reading, rather than upon passive acceptance of 
Wie peSoneoneselsetica Bie wonactk a) (Go sein scieneée, esinsany other 
field of intellectual endeavor, students must be allowed to 


explore with freedom those subject areas they do not understand. 


Equipment and Supplies 


The materials in this book are oriented toward involvement 
TincOuUCi ALA DOraAlLOrtyo work, amdvother kands of acuivity. 9 Most of 
the investigations call for inexpensive and reasonably simple 


equipment. A complete list of materials and equipment needed 
to implement the investigations in this volume is provided in 


Appendix E. 


Hine Weaciaeie! Ss lelsiicsveim 


Tie tPeachercsEditiorn pot ilhlscontains abl of the student, Text 
aoe EM emouUldemmaterieWerOrmetceacners. 5) The mangos «each pace 
intended for the teacher is marked with a dark band. in all 
cases, such pages are inserted immediately following the relevant 
student material. We urge that you read well ahead in the 
hescicke s eibion belore asking the Students to carry out 
laboratory investigations. Whenever possible you should 


actually perform the procedures yourself before class time. 





This will enable vou to’ bécomes@rams Ties gwakt Mac lem aie tara 
students wild manipulate, co Mie bergenseaote vetanrrci ate 
difficulties students may shave, Bandicoot be ablesromadape yeu 
presentation tto any differences#in speciiicetemsion vequa simiegn 
being used. Some of the Optional investigations tane sic ome iuiced 
in the student's material. In this way we have provided flexibil- 
ity. Each teacher can use more or less of the additional material 
according to the: capabtlitves ormmiinetelass onion india cues. 

The Teacher's Edition contains summaries, “in the previews 
and in ‘meterial accompanying most sellecrions | sdestouedsromcceD 
the teacher aware of the overall development of the section and 
the objectives of each investigation within that section. Since 
students! abilities to see general Seruccure Vary se@rean imeem 
teacher must determine how well each of his classes is aware of 
the larger picture. At intervals you may wish to conductrdie— 
cussions ‘based “on ques tions Ssuchi tals 9 Wher domy ou fel ake cline 
purpose ofthis’ investigation wwease" ) "How did@ethistinveseijeezom 


relate to the one before it? ete) By Gudicitousg wsee"or sue 





techniques you should attempt to keep your students properly 
aware of the development of each section. . Students who know 

that the purpose and "right answers" will be given to them 
immediately following each assignment have no incentive to seek 
the best answers for themselves. On the other hand, students 

who become bewildered and suffer from frustration are likely to 
give up. Only you can judge the levels of curiosity and frustra- 
tion an your classes”. *Fortthis Season, -inquiicy vom entedecolms es 
depend more heavily upon the skill of the individual teacher than 


do conventional approaches. 


Organization 


Titus ee Ovi oe! Could) bey tThoughtmor as a collection of separate 


sections--each section dealing with a different aspect of earth 





science. The sections have necessarily been arranged in one 
sequence, but others are equally reasonable and may be superior 
g@o,e FesulLt Of Iocal weather Conditions, student interest, 
correlation |cto (subjects being rttaught un other courses, setc. 

You may wish to change the sequence to suit your own particular 


SiulUatton. However, am general, most teachers find at advisable 





eOmsollow che printed sequence. during the first year. After 


CEying a new course sor eryear, they! gain insight: and «experience 





Penet may suggest modifications. They also become aware of built- 


in cross references between sections and are able to anticipate 








these. Certain sections presuppose that students will have 
developed: skill si onjacquired) knowledge from previous patts of 


ENemCOUESe. LL NewEeCaAGherinwinol elelteamusbwea twarclal che) entire Se eueEuiseS 





of the course is better able to know when rescheduling is advis- 
able, ivieGeLOpics may belideleted, mind which should be supplemented. 
However, some deviation from the established order--even in the 
first year--is recommended with regard to activities involving 
outdoor work. During the first experimental year it was dis- 
covered that student response to night observations varied 
greatly. Generally, in areas in which good viewing conditions 
prevailed students found the assignments interesting, whereas 

in those areas with cloudy skies and city lights the investiga- 
tions were frustrating. As a consequence, most investigations 
involving observation of the night-time sky have been relocated 


in Appendix! .D. 





Themes 
Tnteraction of Harth and Time as woven about nane icent ral) themes: 


1. Experimental design, observation and interpretation 


are best learned from personal experience. 





2. scientific models¥aere veoncepttam, Mot phy.teo lye 
are useful in organizing information, establishing ereleatwonsmavs: 


and making predictions. 
3. + Changer isthe rules noteeneitexcep enor. 
4. Time and space are vast. 


5. Many spatial relationships on earth and in the solar 


system can be established from simple observations. 


6. Processes affecting the atmosphere, hydrosphere and 


Ene tsolAG suighaCceNoum Ene measeeinCman Hom relate ere 


7s The interior of the eanth hase structure, Mand) processes 


are Conuinuouls ly “Walrerimcmehnises tinue tue. 


8. In earth science man is not the protagonist. Processes 
affecting the earth would not be substantially altered if man 


ClaiGl iaiGie ES<asie . 


9. Man's activities result in changes that affect him 
adversely when he is ignorant of natural processes or fails to 


consider known processes. 


these themes are’ not stated directly in the student text 
nor 1S it intended that: the teacher should state them for him. 
Teewouldibesan Casy Matcer ror students to memorize, for example, 


"Time is vast" and repeat it unerringly in tests without ever 





developing a feeling for the awesome depths of geologic time. 
Lttmies Cpec., 19steac, that subtle quidence by text and teacher 
will lead the student to an awareness of these themes whether 
Of enol Ne jan State, chem in words. 

We request that you refer back to them occasionally in 


order to help in determining whether the course is accomplishing 





Wheat Lo wag dntended for. 
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Section One: 


Developing Tools 


PREVIEW 


The introductory reading material and Investigation 1.1 may 
Seu eG iiss cles basAsyrord Glass, \orsecs saons voLethe| scopeiand 
NaAGULe OlSecartnys science: Hinvestigat iontls1 alsouprovides 

a background in experience for the subsequent reading selection, 
Mode ise We vlEstisanotpentacipatede that istudents will fudlyecoms 
prehend the potentialities of scientific models at this time. 


A better understanding should develop in the course of the 





school year. 
rexteands laboseartoryenacesials dealing withgangles, 
azimuths and compasses are included to provide skills students 


will need early in the course. (Other aspects of measurement 





are considered in Section Five.) If your students are already 





familiar with protractors and their use, the material may be 
eecouedsligntily.” in any event, do not spend much tame or place 
too much emphasis on the material. 

LieweeeGi Om iolLOSes awit “Where Are Your, a, selecuion 
designed to make students aware of the problem which is to be 


worked out in succeeding sections. 





Lt 


IMPORTANT: THE SCHEDULING OF INVESTIGATIONS 2. es 
CRITICAL AND MAY PRESENTS DIFPELCULTORSs ty enor 
CONSIDERED BEFOREHAND. PLEASE (GLANCE AT THAT 
INVESTIGATION AND THEN READ THE FOLLOWING COMMENTS 
WITHOUT DELAY. 


investigation 2.1 calls for outdoor observatronimer se 1c 
sun by means of a gnomon. “Although Investigation 2. enem 2 
should adeally be done on consecutive days,  Eneulapseron 
several days between the two wilimousve detrimenta —) Covous iy 
the outdoor work should beh donewonge sc leer ce yam teeters 


area clear weather is not dependable during the first weeks 





of school) you, should) start thés course Wiehe secelone OneanuT 
interrupt the sequence ON THE FIRST CLEAR DAY in order to 

have your students obtain the gnomon record called for in 
investigation 2.1.8 YoOusSmaye  Thens rerum meros cece lOneones 
retaining the gnomon records till needed (Investigation 2.2). 
Or once 2.1 is completed you couldstollow wi thazl2. -postponung 


the rest of Section One until the need for techniques perfected 





there becomes apparent. If you worked through all of ‘the 
material in Section One and then encountered a week of inclement 
weather you could become stalled, since it is not possible to 


skipyover (2. biwithout@loss@ot eiteces 


Section One: 


Developing Tools 


Parkes Of this book aye, labeled -asis"investigations."...You may 
wish to think of investigations as being similar to experiments. 


Experiments, though, must be done in a very exact form in order 





to be true experiments. The authors feel that much of the 


information which will be interesting to you can be gained 





without the formality of a true experiment. Therefore we 
prefer to use the term investigation. You will notice that 
not all the investigations are similar in the ways in which 
you are asked to’ approach problems. 

Fico iVes tide tons. VOUy Winkel procedures, gincer— 
pretations, and (in some cases) problems. Procedures describe 
things for you and your teammates to do. As you perform the 
procedures you should observe what is happening. You may 
wish to make notes of what you see. In some cases you will 
Deraskted) tOewreite OF draw deecriptions of things that ‘are 
happening. 

POlLlLowing Some of the procedures will be interpretations. 
Interpretations will generally require that you think and 
write about what you have done. Since the laboratory investi- 


gations have been set up in a step-by-step sequence, you should 





try to think out your interpretations ak (16 Cime sence yeare 
called for. In other words, do’ not do alm thet orocedures 

in an investigation first and then try co 2anreLlrpreemwilaceyoU 
Saw. In some cases thinking out one interpretation will help 
you know what to look for as you perform the next procedunas 

The two steps, observing and Ehinking, ake wiatesead 
scientists to conclusions. Noweveryone in wourke lac 2 s.o 
in your team, will see exactly thessane = lnings teppen. 
Different observers will interpret observations in different 
ways. Thus you and your classmates--like investigators the 
world over--may come to different conclusions. 

From time to time you should compare your conclusions 
with those of other students. The purpose of comparison should 
not be to’ make certain that’ everyone’ Nas the™=same answer. 
Instead, comparison should serve to show how different investi- 
Gators can arrive at’ different opinions - 

Whenever you are tempted to change your mind to agree 
with the majority remember this: Every great scientific 
discovery in history has resulted Prom” one™ or LWO SitUelione. 
The scientist making the discovery sawksometiing others nad 
MLSsed, Of Ne interpreted Observations ail a Gitrerenc wayeouom 


everyone before him. 





2a 


TEACHER 
MATERIAL 





Tre cieserucecenice Of thesword, sn experiment is an investiga= 
tion in which two or more "runs" are made with nearly identical 
materials and procedures. One run is considered a control. 
OU Ne eee Otero Medes iiewitcimonly one clementyo, tne materials 
Or procedures is changed. Thus any difference in end result 
may be attributed only to the changed element. 

An experiment is set up in order to test a hypothesis. 
Possible results of the experiment will indicate that the 
DypOenesia lle Valid of that Te is not. Which of these con- 


elusitons 1s to be drawn should follow directly from observa- 








tion of the experimental procedures. 

ALeEnoud@ investigations may follow structured experimental 
Pomiatweneyemay also take Other, less Kigid forms. strictly 
speaking, one cannot experiment with volcanic eruptions or 
Wires eabowOl With earthquakes. He can only observe and 
PiGen ecu Us Many rOL (bile pincnomena Of “Gabth Science are 
not susceptible to experimentation, and the more general 
Coir Voot ral Om. ponpreteraloler. 

How much you will wish your students to deviate from the 
written procedures will vary from class to class. Some 
students may have to be encouraged to think up Varleatvons on 
the investigations. Others may have to be inhibited. 
Generally speaking, the more variation the better within the 
Dimits Of @arety. Being familiar with topics to be covered 
in future investigations will enable you to decidé whether 
extensions or variations of investigations which students 
propose can best be dealt with immediately or postponed until 
they are more appropriate. 

TWenwbliimogness of studentesto edhere to their own 
conclusions in the face of opposition can be encouraged by 


you in discussion and by the way in which tests are designed. 
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INVESTIGATIONS hive Describing t0bjects 


tn thie. damestigeat ton tyowewil bestudy a ®recky one-of the 


thingstorowhivch the eartheis*made.- Yow will also -look at 


two manufactured objects. Their relationship to the earth 


may not be apparent. In studying these objects you may 


learn something about each of them. You may also learn 


something about the way in which a scientist works. 


Materials 


Dise 

Paper clip 
Rock 
Thread 
Ruler 


Tape 


Procedures 


Pe examine vce wdasc., WEiter a description. of Lt ein 
your notebook. Tell what you think the dise might 


be used for. 


B. Place the disc and the paper clip close together. 
Describe any interactions you observe. By this it 
is meant that you should try to see whether the objects 


act upon each other in any particular way. 


Go Tié a piece of thread about 15cm (6 in.) long to the 
disc. Tape the other end of the thread to the edge 
OL vyour work table in/such a way that the disc is 
suspended over the edge. Describe the behavior of 


the suspended disc. 


D. Examine and describe the rock. Next suspend it 
from a piece of thread so that 2 1s hayoqungtetat ie 
same height as the disc and about 15cm away from it. 
Describe any unusual behavior of the two suspended 


objects. Then remove the disc and observe the rock. 


Interpretations 


1. How do you account for any interactions between the 


rock and the disc that you may Nave noticed? 


2. What properties, 1 any, Oo: the rock could mouse 
told simply by locking etl Eeendsnandlanguit. 


3. Whab uses, if eny, (dO yous tink 201s [cy Demo mesoc 


might have? 


4a 


TEACHER 
MATERIAL 


LVESCIGATION Vols Describing Objects 


This investigation allows students to become familiar with 

the format of the investigations which will be a major feature 
Cael MoOUtco MEP rol eitmeney s10uld learn to distinguish 
between observations and interpretations. 

The investigation also provides a background for dis- 
cussions concerning earth science and concerning the scientific 
thought process. 

Try to avoid mentioning the name "lodestone" until after 
the investigation. The name might provide some students with 
elues to the@nartre omethe cock, Something they should be 
permitted to discover (or fail to discover) on their own. 

Similarly, distribute the "discs" (ceramic magnets) and 
Paper Clips an a way that will allow each) team of students to 


discover the properties for themselves. 
Materials 


There should be one ceramic magnet and one lodestone 
per team. 

Test the paper clips beforehand to be sure that they are 
abiracted by the magnet. 

One spool of thread may be shared by the class, and one 


Oratwo weolls of tape shoulda be Lsurriciene. 
Procedures 
AS Le ise heconmended thar youswalkvaround the Class 


passing out one "dise™ per team. Allowing students 


tO pick “them wo arom aeomoup, of magnets together on 
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a supply table might exhibit their magnetic properties 
in-a fashion. which ds 00%eCbV1l0US<=§ Studentomeiourd 
note color, size, shape nd approximate; welonts om tie 


disc. Speculation on possible uses of the disc should 


be encouraged. 
The disc and paper clip will be mutually attracted. 


The disc will tend to ofient itself with one of the 


Flat sides: facing .novth.. see Bagure T=1202 


Figure T-1.1. 
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Many students are surprised to find that poles of 
the magnets correspond to the faces rather than the 


Sages. 


D. Again, it is recommended that you pass out the rocks 
in order to avoid premature disclosure of their 
magnetic nature. Some students may think to test 
the rock for magnetic properties. Others probably 


Wedel igi@nes 





When suspended near each other the rock and 
disc "dance" about in an unpredictable fashion. 
When the rock is suspended by itself it will tend to 
CULE EES lOWsy Fobra sper rode Ort Came, “then oscillate 
back and forth, and finally settle into alignment with 
the earth “s=magnetic field. Again, some students 
will probably notice the rock's tendency to align 


Leselt, Vand. otvhers® willenot. 


Interpretations 


Some teachers prefer to have each student interpret his 
tesulcs, before a class discussion. Others will want to 
encourage discussion while observations are still fresh and 
tOLerest way se higher. The, choice vs jyours. -,Inra discussion 
try to encourage a variety of responses and avoid tagging some 
correct and others incorrect. When differences of opinion 
Gblsew mt ovite students to suggest whether the difference arises 
from variations in observations or differences in interpreta- 


(eo MOM cmc OMO tics tOMm Ons eI NCuneW Or. 


VeeMoOstesotudenes. Shouldssuggest, scorrectly, that the 
SerbactioMmwasethat Of a magnet, (the disc) for an iron object 


(the paper clip). 


2. The magnetic properties of the rock could not be 


observed until it was brought close to an iron object. 
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3. Lodestone is useful as. an iron ore. 

It is possible.that the paper clip was.smelted and 
manufactured from an ore similar to the lodestone. This might 
suggest the economic possibilities of a study of earth science. 
You might ask students to name useful items which have been 
obtained from. the .earth.,, More difficult .would be a;seanch 
for items sot .digectly ow gmdivect ly otal ned wi OMm eile goamatii. 
Wood products, for example, are obtained from trees which in 
turn depend upon the soil in which they grow. 

Students who observed that the rock was magnetic, 
and not passivesas wasithespapern Clip. May ssuggesteenatra 
piece of lodestone might serve as a compass. The first compasses 
were, indeed, lodestones.. “fhe tendency of (compasses and .lode- 
stones to align themselves suggests an important property of 
the earth, its magnetic field. | students might) wish touspecu- 
late on whether magnetic compasses could be used in space or 


on other planets. 


MODELS 


Tei Otc ronisy toy Lelia personsiwhat ‘Lo think <4 (Pach. person 
tere endive l@and i iicec tO think his owm thoughts. It is 
ever Mone "dirricu ltl tosteltmasperson how tonthink! Thought 
processesfarepnards to describe. )One mayor purpose of this 
COUrSe ;BLOUgI, ts to "describe to you ‘one system of thinking. 
This system has been helpful to many people, and it may be 
helpful, to you. it involves something known as a "model." 
OUP derinigionstors "mode srsavA useful way of thinking." 

At times in the course you will be asked specifically 
Co Ehinkeaneyterms of.models. AL,other times: you may find it 
helpful to think in terms of models even though you are not 
asked directly to do so. 

Perhaps the best way for you to learn how models can be 
used is to use models in describing something you have done. 
In Investigation 1.1 you studied three objects. You may have 
reached some conclusions about their natures. Imagine the 
following ;conversation between two students as they work on 
iivestacacvom Wel. "Keep 2n mind that “therrs is not the only 
way to have thought about the problems. Neither is it neces- 


Sseoi ly thetrignitsway. 


Aw WhaAG Gidsyol pubsdowagtor at deseriptzon) of jthesdisc? 

Dw esata Lewes a dark Color, ‘about air inch Squareérwand one- 
QUarcer inc) thick, and *hadva hole in it. 

A: Same here. I also said it weighed a lot less than a 
pound, maybe an ounce. What do we do next? 

Be "Place tthe disc amd paper Clip closé{ together." 4i.1)].try 
it. Hey, what do you know? 


A: i quess thatydisesissasmagnet of some) sort. 


(Student A has just suggested .a model. In other words, it is 
possible to understand what has occurred if you think of the 


disc as being a magnet.) 


B: It seems pretty light for a magnet. ~All the magnerers vie 


ever seen were heavy, like iron. Do you suppose the 





paper Clip» could be thesmagnery; 


(Now Student B has suggested a different model, another way 
of thinking which might explain the interaction of the two 


objects.) 


A: Easy enough to find out, =See. tne disc tateraces = eiler ware 


ring in my notebook but the*paper™ chip deesitr. 


(This is good scientific procedure. When two models have 
been suggested a test of some sort is needed to find out 


Which model as better.) 


B: Look what happens when you hang the disc from a thread. 


It always wants to face one way--like a compass. 


(Another observation has been made which supports the "magnet 


model.'') 


A; How about this for a description of ithe sree swears 
colored and) heavy .= Cv.cmmenO recwErO Charm 
B: O.K. Better put downy thateie's shiny, toon Eekeric had 


Tee O Te ae tele 
(This thought can also be thought of as a model: the heavy, 
shiny nature of the rock would be possible to understand if 
the rock contained iron.) 


A: Let's check that out. Hold it next to the disc. 


(Again, this is good procedure. The strength of a model 


depends upon the number of tests it can pass.) 


PoeelLOCwommenat. ne disc 1s pulling .towardsit. The rock 
(eee CON es 346, 


A: Write it down. I (uess we eiLgured that one out. 


Piptowrenrrck yes Jie testawithsthe magnet supported the “iron 
iia NomsOGe MiOde lw SllitmeEnaterGoes MOw mean that ecae model 
ie eine =on by "model + -"Nor "dees Lt mean “that “rhe “ren in the 


rock" model cannot be improved. ) 


A: When the rock and disc are hanging side-by-side they 
SOrt -of -dance ‘around. 

B: The Wiaqneric ‘diese Urres sto pull “them -together) but ‘their 
weight keeps pulling them apart. 

A: Now we're supposed to take away the disc and watch the 
BOCesDYy Tceelt = Any tiyung 2 

Bee NOt = Lt Susi Somns Sarounrd. 


QUESTIONS FOR DISCUSSION 


1. The students have accepted a model which explains 
al theirc Observations about the dise and the rock: The 
AtSce Lean Moron eratnG “sie ro ce scontalic ron." Car -this*model 


be improved upon or replaced with a different model? 


Pie SHOW FeOuUlG soOuner model si fom stile cock Vand seme "disie™=be 
tested? 


3, sDo you ‘think that students Avend B interpreted their 


observations in a reasonable way? 


Ae Doyo thine wehat the students made’ accurate obsérva- 


(EAI Z 


Ja 


TEACHER 
MATERIAL 


MODELS 


It is unfortunate, perhaps, that the word "modelseis siscdere 
describe the scientific thought process instead (ef ssome werner 
word. There is a tendency to confuse scientutie modelaswitl 
small-scale physical replicas, such as "model airplanes." 
In this course the term is used consistently to refer to the 
scientific thought process, and never to a physical represen- 
tation. Although definitions for the term model may vary 
somewhat, the sense in which feels used in -Ghisscoumsceas 
consistent with contemporary scientific usage. 

some discussion Of Scientiticemodels pirem@in, Ordereatmriie 
point, but it would be unrealistic to nope, forse rue sinder— 
standing of the concept before the students have worked with 


Various models dealing with the solar system, gece. 
QUESTIONS HOR DISCUSS ION 


1. Answers; will wary... [hesmodel Vis rcatistactoig 1m 
that it explains what was apparently A and B's only observation: 
that the disc and rock attracted scachwother. sathe model hes 
shortcomings which become apparent if other observations are 


made. 


2... Some members of your class, may have: noticed: that a 
particular face (pole) of the ceramic magnet would attract 
some parts of the lodestone but not others.) §Tnis sugqgescame 
different model, that the lodestone is composed of (or contains) 
magnetized iron. Other members of the class may have noticed 
the tendency of the lodestone to attract the paper Cli Deol 
its tendency to seek a particular orientation when suspended. 
These observations would also favor thinking of the rock as 


being a magnet itself. 
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3. Student A and Student B interpreted their observation 


(that the rock was attracted to the disc) in a reasonable way. 


4. Student A and Student B were apparently not sufficiently 
careful in their observations to see everything which they 


might have. 


INQUIRY DEMONSTRATION: Magnets and Models (Optional) 


Teisctucentanteresi) tot thactoregqoing topics’Tis tiigh sou may 
Wisi vcO COnduct ail-anguiry edemonstration <long the tollowing 


lines. 
Preparation 


Obtain a small horseshoe magnet from a toy store. Stroke 
a paper clip with the magnet a hundred or more times. Always 
use the same pole of the magnet and always stroke in the same 
CiLeGeloummiOe eC anOetoOLtiinng liemwoape ur Cis svouldenow be 
mMaqnecszed . 

Holds gne horseshoe magnet, anache; Dlamepor alhbunsen burner 
with pliers until the magnet reaches a red stage. Allow it 
to cool. The horseshoe will now be demagnetized. 

Attach the paper clip to the horseshoe "magnet" with a 


GrOD Lt twos oie Glue; and allowmeo dry. 
Demonstration 


(Hold the magnet up in front of the class with the paper 


clip suspended from it.) 


Teacher: What holds the paper clip up? 


Possible Response: The horseshoe thing is a magnet. 





Te 


Teacher: 


Possible 


Teacher: 


Possible 
Teacher: 
Po;sible 


Teacher: 


Possible 
Teacher: 
Possible 


Teacher: 


Possible 


Teacher: 


Possible 


Teacher: 


That's a likely model. We can understand why the 
evi doesn" fatima ne wer catw or the horseshoe as 
being a magnet. Are any other models possible? 
Response: Varied 


Tf necessary, ask: “Would the objects behave qT “Cis 
way if the clip) issmagnetic wand) the Noweesnbe Ss | Ot 
Response: Yes. 

How could we tell which model is better? 
Response: Try bothwouc sonmanother paperee ie. 
dUlgvene Shes geile es 


we explaimithe fact that ‘the papemiciip doesn: sate 


We) needi-toitest the two’ models .=\Gould 
by thinking that theymare glued together: 
Response: Yes. 

How could we tell if glue is involved? 
Response: Look to see. 
Yes, we need more observations to see which model 
is. best. . (Letia student ian a front-row Seat Pook 
closely at the objects but not touch them.) 

Tell me what you see. 
Response: Glue! 
That observation supports the glue model. Does it 
necessarily mean that other models are incorrect? 
Response: No. The fact that one model is useful 
does not mean that others cannot be. 

(Break glue bond; then demonstrate that paper clip 
is magnetized and horseshoe is not.) 
In summary: More than one model, more than one 
way of thinking, may be possible. If there are 
two or more ways of thinking some more tests and/or 
The fact that one 
model is "right" does not mean that others must be 


"wrong." 


observations should be made. 
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WHERE ARE YOU? 


Among the several questions asked in the preface to the student 
was, "What measurements must be made to know what part of the 


planet earth you live on?" At first glance this may seem like 


a Simple question. | But es LEZ 


Figure 1.1. Where are you? 





"Imagine yourself shipwrecked on a tiny uncharted island 
somewhere in*the *PacifticeOcean."' 9Since”’ "Robinson Crusoe," 
this idea has been =the basis for many exciting and enjoyable 
stories. Many even dream of such a fate as a good way to 
get raway -f£romethe rush} crowds ; ‘and®problems+of-oGir-time. 

(In truth, however, most small islands will not support human 
tite; wbecauseothey lack  food@and- frésh water?) 

But suppose you are in such a situation. You have managed 
GOVsave ay DaLtery-powered Gwo-way ‘radio, a magnetic compass, 
AiG ap rOesaeccOrea Long with some, toodsand water so Arter aly short 
Cine, =/OUmmMace COntaCceuWwacnma Cistante radio operator.’ After 
you deseribe-what has happened he asks, “Where jare you?! How 
would you answer? How would you be able to give useful infor- 
MAEVTOn= Or aesearch party-=to follow? - 

Now stop and think for a moment about where you are today. 
What would you have to do to tell your exact location to some- 
Olevia dis tane = COUNLEY Who Wants tO Visit yous but cis not 
Pam liacewiens your—part of the world? You already have half 


the problem solved because you know where you are. Now all 





VoummMave to do 25 tell your visitor how to get here. Make a 
tector stie Kinds sof information your directions must) include. 
ie your laverinva siat lt town your description or location 
might include a reference to some large city nearby, such as, 
ViveiimabOue Jo MEves Nortawest Of Denver, or "I “Live™ 70 
ie eeosmsOurr one Chivcagos ir you hive mira large city; you 
might include references to some large building or famous 
fandmark."=Most descriptions of location must include three 
Sing eeD reece POM Cistance, and the “relationship of these 
to some known -reference point “or points) If you are familiar 
with your area, you can probably give your location fairly 


acctinately . 
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Now put yourself back on that lonely island. Even if 
you are lost somewhere in the Pacific Ocean, determining your 
location involves. finding the same -information--direceion, 
distance, and a reference point: or points. 

Study Figure 1.2. Let the mark (X) represent your island. 
Discuss with your teacher how you could determine the location 
of the mark on the globe. Your discussion should include ways 


to establish direction, distance and reference point(s). 


Figure 1.2. 


PROBLEM 


When you think you know how to describe locations, place a 

dot on a globe. Describe the location of the dot to the members 
of another team. Do not look at their globe or valilow them to 
look at yours. Were you able to tell the other team where the 
dot was located? Did you make use of reference points, distance, 


Gatce ciao 
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TEACHER 
MATERIAL 


WHERE ARE YOU? 


The reading material is intended to focus student attention 
on the problem of locating oneself on the earth. Appealing 
Covashiqnerecuthor ty isuch las map 1S,90f course, sone way 
students may suggest to establish location. 

The authors. believe that a more rewarding procedure is 
Pewlavewseudenus Sand our how wo establish location ‘through 
iMicivadle Py ertore. In doing tniis they should understand that 
reference points and directions are necessary to any method 
SEMLOCatiIng DoOints ton Barty. 

ie would probablyabe best to divide the class into teams 
of thrée or four students each= “it is recommended that each 
of your investigation teams have a globe to be marked and used 


AUP NG CLS cuss con . 


PROBLEM 


pcLudentes will probably find it impossible to describe the 
POocautOneOrmlie dot. Onesstudent may suggest that thesdot is 
eboVve Om snOrteiN OL, ble equator jon tas globe, while another 
Meyer ste Eiatett. 15, bélowsehe equator. References to 
directions such as north or west are meaningless on the 
unmarked globe. 

Discussing how to describe the position, of the dot 
should bring out the need for ways to determine directions 
and to establish more than one reference point on such a 
Glove sseEUrthermore, students should come to see that a 
universal locating system must be based on a widely accepted 


and convenient set of reference points and directions. 
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Pavestigatiomul.2 allows studenes tovestablisn aw rererences 
direction by use of a magnetic compass. As students continue 
the investigations in’ Sections Twotand Inree, eney aw2t! 
G@uscover how to use the sum and stare, tn establvening a 
reference system. But to do this it will be necessary to 
know something about earth-sun and earth-star relationships. 
ingthe following investigations, students willbe given eie 
opportunity to build a model for these relationships. The 
teacher should therefore refrain from describing a solar 


Svecem Model "au, this tine. 
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ABOUT ANGLES AND DIRECTIONS 


NORTH 


Figure 1.3. 


imedine Voursel= standing timethe -centervyor a-large “circle 
like the one shown above. If someone asked you what direction 
arrow "A" 1s"poeinting@you-cowld GaSily give-the correct anSswer-- 
eases BUC What, it hevasked for the direction’ of sarrow VX"? 
How would you answer if asked to give the difference in direc- 
tion between the north arrow and arrow "'X''? 

To answer these two questions you must first learn 
about angles and how they are measured. 

An angle is formed when any two lines are drawn out in 
ditrerent directions from a single point. The most. “camnion 
way to express angles is in units called degrees. One degree 
(1°) is a very small angle and describes a small difference 
in direction. Two lines that are drawn in exactly opposite 
GLeeCeLOus 2. rom A point, £ormn a eo, angle. At@each) corner 
Cie lompooo mm Ulceangle sored byr tne edgesror the paper 1s 
Sirs ae you stood in the center of the circle facing north 
and turned all the way around until you faced north again 


you would have turned through 360°. 


2. 


outer scale 







reference 
line 


C 


Figure 1.4. 


A protractor (Figure 1.4) is marked in degrees and can 
be used to measure angles. 

Béfore (measuring san angle wich pamprotraceomayOUMmUae 
first select one -of the two lines forming the angle as a 


reference line. In Figure 1.4 four angles are formed with 





the reference line. 

Te .measure an anglewwith a protmactor, place the centers 
(C) at the point where the two lines meet. Move the protractor 
so that a zero degree mark (A or B) is on the reference line. 


Dies epLaced son, EMG reserencon tie we UsCch cl eomOuUGeiInceaie 





to read the number of degrees at the point where the second 


line crosses the scale. This is the number of degrees in the 





angle... If B is placed.on the reference line; use the inner 
scale to read the number of degrees in the angle. What is 


the measure ofeach jot the four angles jshownm7 
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INVESTIGATION DPJ2?oDetermining Angles and Direction 
in this investigation you’ will practice measuring angles with 
ee Proevactons* YouwCcan then Usetanotnier Imstrument, ‘the’ magnetic 
compass, “tO *determine direction. 
Materials 
Ruler 
PrOteaceor 


Magnetic compass 


Procedures 





Ae Measure and 2ecord in fyoummnovebooke the number OF 


degrees in each of the following angles. 


imigequsae Iho Sic 
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The two lines below (Figure 1.6) are shown to form 
two angles. (Actually, any two lines drawn 2 Comers, 
point form two angles motiust one.) Devise a 
method to measure both angles shown. Record yoyr 
answers in your notebook. Hint: A complete circle 


contains 360°. 


Figure 1.6. 


north 


Degrees are also used to describe directions on earth. 
Hold the magnetic compass so the needle is free to 
swing. The needle is made of magnetized metal and 


wil polnt noreh if no mearby wmetaleob jecesvarerace 





it. Magnetic compass directions are often described 
as azimuths, “and are expressed) anedeqrees- ml née 
reference direction is north, and the angles are 


numbered clockwise in a circle (angle M, Figure 1.6). 


Figure 1.7. 


A magnetic compass. 

Note that a 360-degree 
circular number line is 
drawn around the compass, 
beginning with zero degrees 
(OZ) macenorel. 


PROBLEMS 


io jie sls Gel eiezaiivhele’ Oxe 


i” 1 Ma INCHES 
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east? 


2. Use the compass to find the azimuth (degrees from 


north) to the teacher's desk from your location. 


3. In what direction does the hallway outside your 


Glass GOoOm isu mye 
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TEACHER 
MATERIAL 


INVESTIGATION 1.2: Determining Angles and Directions 
This investigation and the text preceeding it are intended 


to develop some of the skills students will need in later 


investigations andeto helpwenswer the question, Where are 


WiOUlenn 
Materials 
Compasses should be calibrated in degrees of azimuth. 
Procedures 
Ves wwe Niigt@j la ypatli) pees pe. 
X = 36° 
Y = 140° 
Te 26" 
B. Angle & = 60° 
M = 300° 
PROBLEMS 


ip Sie ezimuth or east = 90°; SOUtIIE= 180°; west = 270°. 
2. Answers will vary. 


3. Answers will vary. 
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Section Two: 


Gathering Evidence 


PREVIEW 


The section begins with an Inguiry Demonstration which defines 





directions on a globe and illustrates the necessary direction 
Of Fotation of: the globe. 

Pnepieeorainvestagation Ofsthe section, 2.1, anvolves 
SLUCeDeSNaM Usinove Gnomon to obtain a record of the sun's 
apparent path across the sky in the course of a day. This 
itsetoltlowedaby anjanalysiseot Ehe investigation in which it 
ieetound, that epparentisolar Moon andgclock noon do not coin- 
cide. The true north direction is also found and compass 
declination measured. 

In a reading selection students are introduced to the 
problems anvolvyed@ insdecinings, such terms as “up Ueand 
"horizontal" for observers located at different points ona 
globe. 

Students) then usesqlobes and "indoor" gnomons to observe 
the similarities between the records they obtained of true 
shadow lines and those generated on the small rotating globe. 
Inferences can be made concerning the students' general 


HOCAETONN On meme Caren. 





IBye 


The model of the earth-sun relationship is adjusted to 
fit the observed changes in lengths of daylight periods ar 
different seasons of the year. This is accomplished by 
tilting the rotational exvesor snierG lobes: 


The change in the model is referred back to check it 
against the behavior of indoor gnomons, and a prediction is 
made: If the axis of the earth is tilted, shapes and 
locations of the gnomon shadow lines should change in 


predictable fashion. 

The section closes with a suggested set of observations 
of the circumpolar constellaiions. 

Throughout the section emphasis should not be so much 
on "What do you know about the earth-sun relationship?" but 
rather on the question "What, observations tat wyou cadmas 
support the concept of the earth as a globe rotating ona 


tilted axis?" in other words, "How do you know what syousicaGr a. 


Nove: Ef the anvestigacion, with the® outdoor Gnomon iacmoaer 
yet been conductéd, 10 should besschediwed 4a ne soamean 


clear day. 


INQUIRY DEMONSTRATION: Day and Night 


A Globe which ts “rotated aim from of "a lrgnit Source: Gangue 
used to simulate sunrises and sunsets on earth. 
The rotational axis of this globe provides a basism on 
a system of directions. . Once one point on the globe has been 
selected to cepresent the north polewre | ed rece lon smonmaue 
globe as well as its direction of rotation are established. 
It is important that students realize that the globe and 
light source are not "models" in the sense that the term will 
be used in this course. Instead they help’ to illustrate the 


model--a way of thinking about the earth and sun. 


id 


the demonstrations is intended to provoke curiosity, to 
establish some working definitions, and to suggest to the 
students how the globe and light source may be useful in 


future investigations. 


Materials 


Unmarked globe 

Large beaker or wide mouth jar 

Rubber suction darts (2) 

File cards (2) 

Marking pen 

Masking tape 

Light source (a slide or movie projector qives best 


BesUult ae) 





A standard geographical globe of the type often found in 
ScHools Ney DemMgedweouULr Jt is felt that an unmarked sphere 


(such as a basketball) is better. The standard globe will 





already be masvedmwitempolées, equator and other reference 
features. It is the purpose of this demonstration to show 


how these references are established. Their prior presence 








on the globe may detract from this purpose. 


Tee its Uniikely thatiyour demonstration and the accompanying 





duscussitoOn willerollowpehe exaccmoutline suggested. here,, nor 
ioe necessatyea. USEiYOuUr OWAyimagination and “play it by 
Cae. SVDOPaLecnIpE, however, to coven the major ideas. suggested 
endsavoid telling scudencs, enswems which are.covered later 

ii ciicmSeCl Ol. 

Pe pOse tole taceue MemcOes Cama Liles Lceas sim che, eacher 
Material for the next several investigations just before your 
demonstration. ~ this willl help sou, to, avoid disclosing infor- 
Mee Om winches uudenbeacan discover jromithemselves. in those 


investigations. 
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Preparation 


Before class set the globe up in front of the class and 
place the- light source off to one side. Check to see that 
the light source produces a fairly distinct day-night line 
which is visible from all parts o8 the classroom. =e mung ii 


source should be at the same height as the center of the 





globe. Figure T-2.1. 





¢ 





To the “student: "You should recall the problem of locating 
a point on an unmarked globe. How could 
we establish a system of direction on 
this globe? For instance, let's start 
with north. Where shall we locate 
the “north polé" on tne globe?" 

Student response: (On the top.) 


ihe) qelaS —Sielaeieiave ¢ 


Student response: 


To the student: 


Student response: 


To the student: 


Student response: 


To the student: 


student response: 


To the student: 


Student response: 


she 


eee eee it DUC Chae eicL Lon dart, at 
the top of the globe to represent the 
north pole. Then where does the "south 
polewenave fo Gon! 

(At the bottom. ) 

it you. feel thar’ stucgents may not be 





aware of the meanings of the terms "north 
poltet@vend Msoutispole ) Spoimt out that 
Eheveartn seems to rotate... The line 
around which the earth rotates is known as 
tes axis, and the imaginary antersections 
of this axis with the surface of the earth 
are KnoWnewas the north and South poles. 
"Notice that once we've decided where the 
HOBIE OO Le wer ursnouma go”. ~uiere'Ss no choice 
any longer. Whessouth pole tdart has to go 
GU sO OOs LCC NVymes icbeate: Why can’t 
we put the north pole at the top and the 
south pole over on one side?" 

(Because it isn't really that way. Because 
the axis goes straight through the earth. 
Because south is directly opposite from 
NOruh. ) 

Wheate is INeanteby therdirection nmosth 3" 
(Toward iene north pole. ) 

"Notice that two people who were both 
ibeaveling Nontiw but arom oppostreusides 
of the earth might be traveling toward 


Sacimother. | Howells chat.possipole?" 





(Because wherever you are, "north" means 
toward that one point, the north pole.) 
WWoetldsitibe possible to “go completely 
around the world by heading north continu- 


ously ot 





(No. Because once you get to the north 
pole you can no longer go any farther 
north. 7 
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To the student: 


Student response: 


le iaAe Siewcleiare ¢ 


Student response: 


TMomeMne SreuliGenitas 


Figure T-2,.2. 


"North is now defined. It means toward the 
north pole. [fethetwisssO., Whadtes sacle 
(Just opposite from north. Away from north. 
Toward the south pole.) 

"What is meant by east?" 


(To youm® right when you are tacing, norta..) 
"T']] mark north, south, east and west on 
this file card and stick it to the globe 

with tape. (Figure T-2.2.) Notice that if 
you were standing on this globe at the point 
where the card is attached, north would be 
toward the top of the globe, east would be on 
your right as you faced north, and west would 
be on your left. South would be behind you. 
What about someone on the other side of the 
globe? (Put a second card, marked in the 
same way on the opposite side.) What do you 
notice about "east" for the two observers?" 


(Turn the globe so both cards are in view.) 





Student response: 


lates WEG Sh 


a a 


TOMENe ES tEUGents ¢ 


Student response: 
To the student: 


Student response: 
To the student: 


Student response: 
To the student: 
Student response: 
to the’ student: 
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(Form onesebsenvertecast ise@toward the front 
Oiese NSMGO OM en ae OEE NenOrmMemanE sus seoward 


the rear of the room.) Figure T-2.3. 


' 
Nee 


"Would it be possible to go completely 
around the world by heading east continuously?" 
(Yes. ) 

PMWoUld ii be possi bllie=tom. two people, each 
travel inorcest, =tO MeeteecacimOovher Néead-one! 
(No. ) 

‘Now “wil turn ont the iignt. source so 

that half of the Globe 1s iichted. What 

is the common name for the lighted half 

of the leduwiin?" 

(Day orwday light. ) 

NM OGMCilemoakky side, «sua! 

(Nights) 


UDUpDOSse .£ tUrimtne Globeruntil the observer, 





HeceecUnOy etic Cala g lo. rigit om the day-= 


ign Lines Whewecane 16 it for ham?" 


dea! 


Figure T-2.4. 


Student response: 
To the student: 


Student response: 


To the Student: 


NOTE: Remove the observer card on the 
lighted, side..-Rotate the globe im the 


iwicong! Gdibection. elitism co, .cUrn tl yo 





the remaining observer is traveling toward 


the west. Figure T-2.4. 





wrong direction 
of rotation 





(Earlyi morning. (Evenings) 

minere seem to be two. enswers. | letanesde 
thet ragain.. “Notace rename cheno b se tycias 
Metrked bylthe card, “Lew UStanev inc encom 


Care Si Meow Vili te VsOmeiounehl Wists ioc 


Bat 


(Morning. ) 

"But notice the direction the observer 
would have to look in order to get his 
inst view of Chegsunpomcumrd se. cmclcum 


by “the directions sons tiescarde’ 


Student response: 


To the student: 


Student response: 


To the student: 


Student response: 


To the student: 
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(He would have to look west. That's wrong. 
In the morning the sun is in the east.) 
MYOW Se eG. WOMeTIING 1s wrong, but 
Whee 2 

(Maybe the card is marked incorrectly. 
You are turning the globe in the wrong 
direction. ) 

"Two possibilities have been suggested. 
Beets eleckwpori.  Pirst, what about 
Cieeccions. Winer you face Mort 1s “Gast 
C@ VOuUr ei ain: " 

(Yes) 

"Suppose I turn the globe all the way 


around in the other direction. (Figure 
T-2.5.) Now as the observer reaches the 
day-night line he is traveling from light 
into dark. At what time of day does that 
occur?! 

Bilcucem l= 2.) ). 


proper direction 
of rotation 
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Student response: 


Gmelin Selle Stniters 


Student response: 
To the student: 


Student response: 


(Evening. ) 

"What direction, as shown by the card, 

would the observer have to look in order 

to see the sun go down?" 

(West. ) 

"Does that agree with what you have observed 
in the real world?" 


CVese 


The following material is optional and can be done if students 


iidrcate COMeaniing interes. 


TOM ehiem Sis UlGleinuers 


Student response: 


To the student: 


"That means that I must be careful to 
rotate the globe in the proper direction. 


Barlier we decided to have the north pole 





at “thes top "somecne globe ou DOsSe, we 
wanted co sca) avelie other, boecom, end of 
the globe north.  Wouldwunatsworkcs 

(Yes, but you would have to rotate the 
globe in the oppositesdirection. Noy, 
because that would put us at the bottom 

of the globe, and we know we are at the 
LOD es.) 

"That Second answer brings up’ a good pone. 
Weems be careful tovsayswheener Vu. 
means for us in the room or for an observer 
aQ.tiis point on the tglobe. Your text wate 
tell, you something about this in the 


reading assignment "Up and Down." For 





the moment let us assume that we may put 
the north pole ef the globe "down" 
(reference to the room), notice that I 
Must 2otate 10 in tis sdirecriOnmimeorden 
Co have sunrise occur Vir the joroper 
directions If you were on the equator 


how could you recognize the fact?" 


Probable 
Response: 


Summary 
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Eiisovd Cit ticult questions Students 
may or may not be able to provide valid 
answers. On the globe as demonstrated 
Ene sunewould appear to pass directly 
overneads. “Avoid discussion er tilt in 
the earch sfaxis as this will be brought 
out in a later student investigation. 
Lry EO rocue evtention on the tact that 
Ssometniing=abouc the sun!’s position and 
Pavleihetuemscy should provide clues, 


and this topic will be considered soon. 


Summarize the demonstration and emphasize that the 


rotating globe and projector are not what we mean by a model. 


UneyRonlyauliuetratesea model, or way of thinking about how 


the earth and sun are related. The model they have just 


worked out is useful because it helps us to understand why 


ERessUnertsessend sets in-~the dinections which are actually 


observed. Other models may be possible. It may be possible 


to improve this one. 
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Section Two: 


Gathering Evidence 


INVESTIGATION 2.1: The Gnomon 


PocimaaymenemsuW appears ywceowrise, trace a path through the 





skywondscien Set. S&YOuU Maypbave noticed’ that at different 
times of the year the path followed by the sun is different. 

Astronomers of thousands of years ago made similar 
observations. In order to improve their observations they 
used a device called a gnomon (no mon). A gnomon is simply 
Cate coin noojece which casts a shadow when che sun wshines 
Onyat. An observer can keep wirack of the suns position in 
tiewsuy by noting the length and diréction ofthe cnomon's 
shadow. 

Figure 2.1 shows the principle of the gnomon. As the sur 
moves from position A to position B the shadow of the gnomon 
Moviecm from POsieion ny ("A-prime") to position 8" ("B-erime™). 
The path followed by the tip of the gnomon's shadow is called 
ay shadow? Wane! 

tne eis imvestigakion you will Use “a ‘Gnomon to make a 
BECOLORO me ewsUl! Sepa titnacross Cie sky. lin tuture invest: — 
gations you will be asked to interpret gnomon records in 
order to help you understand something about the movements 
Om Enenecarcy and tie sil. Such records may also Nélp in 


answering the question, 'Where are you?" 
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Ne 
Figure 2.1. 
gnomon 
shadows 
: = STRCHORC Reco concotagnodaanciay Nn 
noe = < s 
sl) * 2 = NG ? 
- shadow line 
a =— 8’ 
Materials (per team) & 


Gnomon board 

Gnomon 

PLecestor Unnuledspeaper, joeis2 ex Ee 
Magnetic compass 

Ruler 

Masking tape 

Watchoor selock 


Procedures 


ve 


Caretully set yyour clock jor\watchysostiak) scraloms 
the correct STANDARD time. (All times referred to 
abe Sstandald time--one Nou. teat ic eee! daylight 
saving time.) You can get the correct time from a 
radio broadcast or from the telephone company. Or 
your teacher may have a watch which has recently 
been set to match a time standard. 2m you use a 
radio or telephone in setting your timepiece, take 
a reading again when you gét another time signal. 


This will serve as a check for accuracy. 


Wein Eiowpei1e Of Wavdrawing fcompass, 
hetew i Enemwonecr Of paper.) The hole 
Caw Pe aches anyrrom the mid-point of 
the sheet. Insert the gnomon through 
the paper making sure that the entire 


Po Onmec ne pooOasd ae Ueing masking cape. 
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punch a small 
Soul Werabour 
a long side of 
the hole in 
sheet of paper 
tape the 


corners of the paper to the gnomon board in sucha 


Way that there are no folds or wrinkles in the paper. 


SeeeHIgure 2.2.) Write sene: date and the mames Of your 





team members near one corner of the paper. 


Figure 2.2. Gnomon Board. 
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Place the gnomon board where sunlight will strike 

it for several hours. Be sure the gnomon board is 
level. The starting "position of the shadowseromd 
be about®as in Figure 222. — if the’ qnomon eis. el acea 
on pavement, ‘chalk marks canbe made cComietiomia: 
returning the’ board to position in case it is moved. 
ideally, ‘the board” shouldmnot be disturoeamarwamne: 


Whisker Gk aks sam ulse. 


Using eisharp pencil » mark (the end ore Unemenomen 
shadow with a fine dot. Write the time next to the 


dot. You, should begin between abour 2 0GsandelO-0Gr 


Interpretations 


Lee 


What do you and your team's members think will be 


the path of the gnomon's shadow? Discuss your ideas. Then 


lightly sketch a line on the paper, showing the path you 


predict. 


Procedures (continued) 


he 


Place a Magnetic compass on the "paper au Onepor mic 
coftiers farthest from the metal gnomon (Figure 2.3) 
Turn the compass until the north end of the needle 
pointes to the N mark on the dial. )ilacesa rule: 
NExXtetom the compass and drawla lines peralleis tomene 
compass needle. Label this line “magnetic north." 
Return the compass to its proper storage place. 
Measure the height of the gnomon above the board 
and write it on the paper. This measurement may be 


needed in later work. 


At intervals of about 30 minutes mark the location 


of the tip of the gnomon shadow. Write the exact 





time beside each mark. Make more frequent observa- 


Figure 2.3. 





tions between 11:00 aem. and 1:00 p.m. Fifteen- 


minute intervals will do. 


Continue the observations as late in the day as 
possible. When you have completed your observations, 
carefully loosen the tape and remove the paper from 
the gnomon board. Do not’ tear the hole. . Return the 


gnomon board to its proper storage place. 


Interpretations 


Ze 


Was your predicted path of the shadow line like the 


actual one? 


Bis 


What advantages do you think the use of a gnomon has 


ONCE Na EseCEEOOSeLVidculonmon seme Sum: 


2a 


pala 


TEACHER 
MATERIAL 


INVEST EGAT ION 2a: Sel iemGneomom 


You sheild prepare a gnomon record for yourselfias earlyeim 
the #achcol year as possible.’ Ontipryour school staple ema ze, 
you may wish to prepare the record just before school Sic ei. 
There are sseveral reasons for Ends: Until, you havevectualiy 
madé a record, the problems involved in having the students 
obtain one may not be clear. Weather in your area may become 
cloudy during the time you wish to have students do the work, 
and if you have made a record locally it will be possible to 
provide copies of it to the students. Even if students mare 
able to prepare gnomon records at the time you would like 
them to do so, it will be interesting to have an Gariier 
record for comparison following their work with Investigation 2.5, 
Indoor Gnomon--Axis Tilted. 

The text assumes that in most schools the first student 
record will be made within a week of the fall equinox, 
September 212 “li this "is the case.) the shadow) line willie. 
essentially straight and will agree with those produced by 
the indoot Gnomons in nvestigat lon 2. 5-5 be cheu records maine 
made quite early in the year, curvature of the shadow line 
may be apparent and your presentation will have to be altered 
slightly. See the Teacher Material accompanying Investigation 2.3. 

Since there are so many variables which may affect your 


ability to have students perform this investigation--not the 





least of them being weather--it is recommended that you take 

your class, out to gather the data on the first day ites possums 
to do so, interrupting the sequence of investigations in Section 
One if necessary. The records can then be saved and analysis 
performed at its proper time in the sequence. Once performed 

by the class, the investigation should be repeated at intervals 


OF eB MmOMcIN Or SO« 
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ie timeweoes Nota lslow srepetition by the .entire,-class’, 
one or two teams should be selected to perform the subsequent 
trials, perhaps on weekends as an extra-credit assignment. 
Their results may then be duplicated and passed out to the 
elass. 

ACA Ghities SOliétiermit. Lsimotrrmes table cco wexplaay what at 
the -equrmox.erdays andmiugnis yee ofvwequaly Fengthw Tf students 
comment that this time of year is the equinox, acknowledge 
Poeendrexplatm that tie significance offthe equinox will be 
better understood after further investigations have been 
perrormed. 

The method of scheduling the procedures in this investi- 
gation will vary depending upon the situation in your school. 
Tf you work wirth, one: Group, of! students: through a good part 
OmeLlercey michieve! ie hit tlerpro olen gd students; Can Secr up 








the gnomons early in the day and later be given a few minutes 
at intervals to record the data. 
Ce Oumiay eiseveta Ssckence tclassess those meeting sin 
the MORNING Can Set up their gnomons during @wegquiler class: time. 
DUUGeMEeemilye tien Demable to add additional data between classes, 
BUmESecess wat NOON eCtC. lt tha wlan Eipimiot practical yiyou 
may wish to have each student in your earliest class set out 
a Cnomon. g “stot ner scucdentsr come, ail diuirang?r they dayithey? can 
add data. The last class can bring in the data sheets and 
store the apparatus. You can then distribute the data sheets 
the wex tay, te mewico, each rc lass. ror) /miterprevation vor eesukts. 
Sti ins another plam might, be: to ask students! to make <a 
complete gnomon record at home or at school (with your assis- 
tance) on a weekend. 
If none of the foregoing plans seems workable, you could 
let all students go through Procedures A-F making as many 
shadow marks as time permits during a regular class period. 
Thenacdistripute Gdittoed Copies of a Kun that “you Mave made. 


Studemio can carry oul Lmpypestigarvow 2 -onetne-dittoed copies. 





Due 


If all else fails you Can™duplicate one of tthe maneiee 
included in the teacher material. 


It should be remembered that one major emphasis of the 





course is on the methods by which scientific knowledge is 
developed. A scientist cannot rely on having data Manded 
to him butb-must also know how torcollectmit. “Mercere: etweays 
the possibility that students receiving hand-out information 


will not understand the process by which it was obtained. 


Materials 


Protraccorcs.» compasses, Lulers ss and: Gimepleces: camepe 
shared by several teams. 

We see no particular educational benefit in having 
students construct sthe qnomon boards. Thivs could bemdone: by 
you ina very short time. Or you may find one or two students 
whose fathers have wood working shops and who would be willing 
to produce gnomon boards for your classes. You will need one 


gnomon board for each team. 
CONSTRUCTION OF GNOMON BOARDS 


ie =Cutear one-inch thick,” L2-mneh widerbpoerdta bouts 


inches long’. 


20 Drive alsnall We) penny finish nails throughwe Wong 


side of the board abouti2 1/7 2) inchésta@ roma temedgesandmmice 





way between the two ends of the ‘board @isee Figure Ts2eGen 


nall hole 


ce) 


Figure T-2.6. 


34 Remowe tle masa i. (The holes can Se drilled tian 








electric mdrilivis available.) Unbend a large paper clip so 


thatiat weliiook? likery Figure) Tae 17. 


Figure T-2.7. 


eer lacesthe,. longvstraight Part of the paper clip (A) 
througheine bole you made withthe mail so that the, benr part 
(B) is on the lower side of the board. Using masking tape, 
securely tape the bent part (B) of the clip so that when the 
DetcaeteniiechaUDL Chit eDOs ELON essa wil loointa straight wp. 


See Figure T-2.8. 


Figure T-2.8. 


gnomon 


xe 
poste pe} Alone 


! ’ 
’ 
L----- fj 
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Procedures 


A. Do not rely on the room, clock forpaccurateseame-oe= 
day. If you do not expect to have, one timepiece 
foreach team, plansto call oul times trom you ssows 
watch as the students mark shadow locations. But 
be sure to explain to the class the procedure by 
which you set your watch--whether you used a radio 
station's Lime; setch) “Knowledge, of conréece, vimemue 
essential to navigators who wish to locate themselves 
by observations of the sun; station WWV broadcasts 
time signals on a 24-hour basis. These signals can 
be picked up on most portable radios that have short- 
wave bands and can be heard at S meganenz, LO megaherz, 
and other frequencies. Remind students that standard 


Limes weuto Desuseduin wma keno, Gnomon soos eds. 





B. As the gnomon investigations are repeated later in 
the year, seasonal changes in the shape of the shadow 
line will become obvious. Remind students that data 


sheets are valuable only if dated. 


GC.) Onsthe day betore Ghe anvestigae Ones starved, 
make sure that the gnomons will not be located near 
other objects which cast shadows on the boards 


during the critical noon-time period. 


D.’ Small marks made with sharp pencils are essential 


rom goed results. 


Interpretations 


1. Responses will vary. Assure the students that they 
Will not be penalized sorlsrmidiculed for ineoorece preaictionee 
The point is to show that careful observations of an often= 


seen phenomenon may lead to new insights. 
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Procecures (continued) 


ABS 


Ge 


The procedure will depend upon the type of compass 


being used. When the results of the investigation 





cena tialvZed = sEuCenis «siould beyab le ecoemeasure 
the Mdeclinatwvon! ormaqnetic morth--that, us, the 
angle between true north and magnetic north at their 
location. 

A board that as dasturbed after Procedure E 


wer completed can be realigned, with "a. compacs. 


Uirwiel OORe le dOGeamay be plotted at any convenient 
times. However the exact time at which each mark is 


made slowed Ise eeacorded. meom LilsO0 to leO@ ae is 





better to plot marks at ten- or fifteen-minute inter- 
Vels. Thais will\nakey later calculations easier. 
Students should be encouraged to continue observations 


WLtEmM a Gnomon at heme. However, if they do not intend 





Stee io equipnien cs MIEaMay De =SslLoOree—fOr fUuLUre Use. 


A piece of masking tape’ on which one member of the 
team has written his name should be attached to the 
G@nemon “board. Thus cimeynumber of “variables” is 
teduced TOrsruture Crials.eeoctudents should see 
that results obtained tm future runs will be attrib- 


utable to changes im earth-sun relationships rather 





than te the fact PhatLlagteanews using? different 


gnomons. 


QA: 


Interpretations 
2- Answers will vary. 


It is extremely dangerous to the eye to look directly 
You can tell some- 


Sis 
at the sun but safe to look at its shadow. 
body where the sun rose and set but it is difficult to describe 


its location during the middle of the day because there are 
It is possible to make a written 


no nearby reference points. 
record from a gnomon shadow line. 


Figure T-2.9 
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Figure T-2.11. 


°° H=8cm 


Px) 


INVESTIGATION 2.2: Interpreting a Shadow Line 


In Investigation 2.1 you obtained a record of ther shadow 
produced by the sun and a gnomon. What do these observations 
mean? What can be learned by thinking about the observations? 
in other words, what. interpretations can bepmedec ss nes iyo 
processes of observation and interpretation often lead to new 
information. In this investigation you will attempt to inter- 


pret the observations you recently made. 


Materials 


Gnomon record prepared during InvestigecroOnum2e.. 
Drafting compass 
Prot bea cEor 


Metric ruler, tlexible plaseime 


Procedures 


A. Connect* the dotssmarked on) your paper during dayeser- 
dation 2.1 by drawing @ smooth curved lines om tie 
paper. One way Co Gosthis 16 shown dn) Figure 2 s2- 
Have one Ceam member nOld a plastic muller on edge 
and bend at to "line up watth thea dots. An second 
student draws in the line. Make the line sharp and 
cléan. Since this line marksajythe patm followed by 
the tip of the Gnomon"= "shadow, Gefer tosit acwtme 


shadow line. 


B. Find the point on the shadow line that is closest 
LO the gnomon Hole. <A good way Eo do thiceqesa> 
follows: Place the pivot point of a drafting compass 
near the hole. Open the compass wide enough so that 


it will swing across the shadow line at two points 


iKS) 





(A and B, Figure 2.5) about 10cm apart. Make short 
marks at these two points. Move the pivot point to 


Dwand drawtearearesaswonlown am Pigure 22.6. Do the 





Sane guUc Vas pOniow >. Ser slibe the arcs “cross each 
other (point C). Using the ruler, draw a fine line 
Connecti ngmtnergmomon Wiolesandspoint © (Figure, 2.7). 
The intersection of this line and the shadow line 
should be the point on the shadow line nearest to the 


Giomen NOle we Use.Vovmmmilersto. check that it is. 


Figure 2.4, 
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ese 





Figure 2.6. 


Figure 2.7. 


The direction of the line marking the shortest 
distance from the hole to the shadow line is true 
north. If extended far enough the line would reach 
the north pole. This will be explained in a futune 


investigation. Extend the true north line and the 
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Magnetic north line untwlethey meect.— If they do not 
meet in a convenient place, sow meyeadrawea lane 
parallel to the original magnetic north line as 
shown in Figure’ 2.8.) Using» aepretractos, measure 


the angle formed by the true and magnetic north 
lines. 





Figure 2.8. 


Bi 


Interpretations 


1. At what time was the gnomon's shadow shortest? At 


what time was the shadow line closest to the gnomon? 


2.- What can you say about the height of the sun in the 
sky aQeeenismeimetor tday? 


oo sOVde thie shortest tshadow occur tar exactly 12300 o'clock? 


4. Why do you think your answer to Interpretation 3 is 


COBBeCEs 


Deu Niet eeconmon Meme is often given to the time at which 


the gnomon's shadow is the shortest? 





6. How many degrees are in the angle formed by the true 


Nerth and magnetic Morth lines? 


7. tees “a -conpass pPeinte towne eastvor to ‘the west of 


true north in your area? 
(OVRE TEUNRABISNAIR. JAKCAM IEW TEMG 


1. As weather permits repeat this investigation at 
intervals of two weeks, or one month. Report any variations 


in your observations. 


2. Observe the direction of the shadow of a tall object 
Healey Oud Nemenae oon. “slAvs idirectyon P/alnost true worth, 


will be useful later in observing stars. 
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TEACHER 
MATERIAL 


INVESTIGATION 2.2: Interpreting a Shadow Line 


The gnomon's shadow line is symmetrical and passes NOrtTh 707 
the gnomon, not through it. 

The shortest distance from gnomon to shadow line (apparent 
solar noon) will not occur at exactly clock noom (12:00) except 
by scomticrdence. 

Magnetic north and true north do not coincide in most 


LOGE LIE eSc 
Procedures 


A. The pattern of the dots may bevasseralghep ines oe 
a curve, depending upon the date on which the record 
was obtained.” It is not ‘likely that one wmooth 
Gurve will @fit ali the dots Yexacrely s ) Unerpetome 
some interpretation becomes necessary. In drawing 
the curve an attempt should be made to have equal 
number of dots on each side of the Line.) eect 
dots but one (or possibly a few) lie along a fairly 
smooth curve, the errant dots may besigqnoped: 
Perhaps they can be attributed to failure of the 
paper to Jie .fhat, uncertainty due to. tfuzziness jor 
the gnomon shadow, etc. In this. and the mext 
procedures (locating the closest approach of the 
shadow line to the gnomon) it is important that 
students not become over-involved in the method 
employed. Give whatever assistance is needed in 
finding the best curve and the closest approach so 
that student attention can focus on the shape of 


the shadow line and its significance. 


B.-C. Students may need help in following these instructions. 


An example worked on the chalkboard may be helpful. 
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Do notrallow students tofbecome sidetracked by the 


Jeoncet Le yCONscruction, which may be appealing to 


SOME. 


Inrerpretatioms 


Ue weanswers, will vary. 


Here the students should learn to interpolate, by 


Hencalivy aividang supe che Meimesiitervalytivrough which the Line 


Seom the qnomeon runs! An example is 


m 





Given im Piugume T=2.12. 





This will be easier if readings have been made at short 


iitervals#and carefully dabéledes Students” shoulda avoid 


making extra marks on the paper; these might later be misin- 


terpreted as readings. 


2. wine stn, i evnighest when the 
cally MoOLMeNG andslavceearlLesnoon the 
NOLIZON. “At these Eames shadows are 


©f ene day shadowssere short because 


shadow 15 shorcvest. “In 
Sunes IC lLOSe LO cae 
LONG.  DUrinG tie middle 
the sun iS hNigh=in the 


Se) moe LiemclUl were tOsvass Cirectly overmedd, the qnomon 


WwOulG Mot Cast a Shadow. 


10:45 







Figure T-2.12. 


Finding the time at which the gnomon's 
shadow was shortest: In this example 
we can see that the true north line 
intersects the shadow line between 
11:45 and 12:00. Closer inspection 
shows that the intersection occurs at 
a point about 2/3 of the way toy12:00. 


2/5 x 15 minutes = 6 minutes. 
ibe AG sp © Se ibe Suk. 


ike) 


12:45 


shadow line 





e—hole 


DHE 


3. Answers will vary. In some locations they smorrec 
shadow will oceur at exactly 12:00) o'clock. | ln mcstep ae. 
it will not. If the answers som) augqood number of creams 
averagé, say, 11:51, that is probably the "right™ answer for 
your location--at least on this particular day.) Ureisaunlilety, 
that the shortest shadow would occur more than 30 manutes 


before or after 12:00 nmoon--1:00 p.m. daylight saving pcime- 


Some students may have seen through the problem and 
attempted, to. "bend"! their’ results to fit the expecvedyanuswer. 
Attempting to force data _to fit a preconceived conclusion wis 


not, Good sCcileneiiic procedure. 


4. Most students probably won't be able togexolaimawoy, 
the shortest shadow didgmet soccursat 1OOn m5 Ermstideau. 
suggest explanations, listen to them, but do not designate 
any answer as right or wrong. )You might pointloucsenargcwc 
chances of all students making exactly the same errors are 


very small. Students should be encouraged to accept class 





data for the average time when the sun's shadow was shortest 





as most. likely correct for their location. “Angexplaneagvon 
of this phenomenon will be presented in the discussion of time 


AOM2S aie Secesoem louie. 


5. This? time sus usta lly called@'noon se bio WeeOmransS 
investigation most students have probably assumed that sun 
time and clock time were identical. Now they have a problem: 


Winkie a @@ Me Smna@ © inne, 


6.-7. Answers will depend upon your location. There should 
be essential agreement among all teams. An approximate value 
can be obtained from Figure T-2.13. A more exact answer in 
degrees and direction for “declination” can be Gound'by= con- 


sulting a topographic map, for your area. 
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TOUR, TENURE IR ANC AR IEW EINE 


1. , At least. once. 2a Monta ol lowing Feney 2 as ee ec ac 
students to repeat the procedures needed to obtain shadow 
lines. The date and gnomon height should be recorded on each 
data sheet... The sheets should be saved for analysis in January 


and February. 


2e Knowing the.direction of true north’ will be useful 


in mavestiGatlon. Qc. 





— 


— ee 
> = a 
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UP AND DOWN 


In a recent Inquiry Demonstration you were asked to think 

about words such as “morth! “andieast." lt tsveacy menougimcse 
describe these directions in the classroom or outside, particu- 
larly if you have a magnetic compass. But it may be more 
difficult to think of whak these dimecei ons would bes rorean 
ODSeRVEr at some poinujonmanaqlove. 

Now think about some other words: “straight up." 'verticai. 
and "horizontal." What do they mean to you? What would they 
mean to a student in a far-distant country? What is their 
meaning at different places on a small globe? 

It may seem a waste of time to bother with meanings of 


words which are used in common, everyday conversation. SUL 





scientists find it necessary to be precise (exact). They 
try to make precise observations. They also try to be sure 
that the meanings of words used to describe these observations 


are understood. By doing these things they “can communycave 


their ideas with less chance of error or misunderstanding. 


\ 


x weights on strings go0° 










a 


center of the earth 





Figure 2.9. 
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Vertical refers to directions that are perpendicular to 
(or 90° from) the surface of the Earth. A string with a 
weight on one end and held stationary by the other end will 
Deng vertical lyeameoince the tharths surface is curved, vertical 
Linestoteadpe ferent mpointsiwilMenot: berparallelmnigure ©2. 90" 

"Straight up" means away from the Earth along a vertical 
line; "straight down" means toward the Earth along a vertical 
line. 

Now think for a moment about the term "level." Think 
of the meaning of the word in the phrase "level with your 


Sve.) Me ou ma Yeon May snot aves rNouGghit about ats imethis: way, 





but it is reasonable to define "level" as meaning perpendicular 
tOCVeLe meals 

As you know, there aré only two vertical directions-- 
Stralvenher Up and stramont down . 

How many "level" directions are there? Think for a 
MOM Cte ame bese Ne heu se WOne Ol. MOGe ol -Lesiar, 

It is easy to see that there are more than two. There 
akerMany. SeNOLEM — SOULM. case Mand wesc, abe the,marnm “level! 
directions. And there are many other level sub-directions, 
each of which may be described by its azimuth (see Investiga- 
won Isr). 

Juste as “up” abmone Doimt kis mnowepenalle wrromtup'tat 
SNIOCNeOP EPO, wscOe NOELh at one point, May, Nou be, exacrly 
pabalvel to “north” tre anothemwpolneiselt sehissidealismmot 
Sioa ecco Pe LENOUCHOnA OUP CC LODS.. User lwo pence ls (Or Ocher 
pointers to indicate what is meant by "north" from two or 
more points. In most cases, the two pencils are not exactly 
parallel. 

By the way, the word "horizontal" has the same meaning 


as the word "level." 
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The word "horizon" is a little more difficult. The 
"horizon" is an imaginary line running through all the points 


level with you as far away as you can see. Figure 2.10. 





Figure 2.10. The boundary between earth and sky is often 
referred to as the horizon in ordinary conversa- 
tion (line A). Over plains and oceans all points 
are level with an observer. When there are 
obstacles such as mountains, trees or buildings, 
the "level" horizon (line B) cannot be seen. 


Si 


Sometimes "horizon" is used ina less accurate way--to 
Peter vepenieivine between sky and earth. If you are standing 


Onan Ve ce ate. Level plain or son'abeatwat. sea, the two 





types of horizons will be the same. 


PROBLEMS 


ito" Levei" was defined as’ being perpendicular to "vertical." 
CivewaveoricrmG@e ititrom- tor dievelvby réererring to water inva 
bowl. 


Zeca ree new lLimirstor Usetuiness Por the word, "up"? 
Could it be useful to astronauts in a space ship between two 
planets? Could it be used by astronauts who are on another 


planet? 


3. Usually people who have globes (at least people in 
the northern hemisphere) like to place the globes with the 
Nore pele ate ene top" otetine globe. “What are’ some’ reasons 


EOUECOUNGe EMSs. 
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TEACHER 
MATERIAL 


UP AND DOWN 


This reading assignment is designed to ensure that the teacher, 
the students, and the authors are in agreement about the 
meaning of some common terms. If you are pressedmroer cane, 
simply skip the assignment. Be sure, though, that you discuss 
with students what we mean by "horizon." There is some 


ambiguity about the term. 


PROBLEMS 
1. Level, could be defined as’"parallel to the surrace 
of the water." Students may think of other ways to,define 


the word. 


2. Students should see that "up" can be useful even if 





Lt does* not correspond to thé usual notion of sthe words ter 
example, astronauts in a capsule ian jspace would sber depeived 

of the sensation of weight. Weight has been useful to the 
students’ as an indicator of “up! and "down." (A weight on 
thesend of the string *pul ls the stringy gntosa westical 
attitude. The weight of water in a bowl makes it unlikely 
that there will be any persistent deviations from a flat and 
level surface.) The astronauts might have an understanding 
that while in space one side of their vehicle will be referred 
tomas "up," rcegardléssy of orientation of the Grate \Cimere ieee 
toPctwe earth). (Faqgune-T=2.14) 
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Figure T-2.14. 


Both the astronaut and the man on the ground are pointing "up." 


be woukde be, togical for visitors om another planet to-weere 


Welgie om a Strang to determine their “ups™ and "downs." 


cae tra cone "lobe =i tins ormentarromr "Up" for the room 
is roughly the same as "up" for North America on the globe. 
TUS a eOuece "OL 4Contuston- is. eliminated. .Whis orientation 
is also a matter of convention and convenience. Printing 
on Globes as Wesigned to be read with the globe so aligned, 
possibly because most of the world's population lives in the 
Northern Hemisphere. You might wish to ask your students if 
they cise that residents’ on Australiasequate “up" with “north 
pole! 
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TNVES ii CAO Ss en EniG@OOrmmcmMometa 


Tt is useful to think of the earth as a rotating globe. If 





you think of it in this way it becomes easy to understand why 
the “eu appears to rise in the case andese cy in tne west. 

Said ainsanother wey) "a retating globegrs Usetulyco represent 
the earth. Can the rotating globe be of help in understanding 
shadow lines produced by the outdoor gnomon? What information 
about "Where Are You" is contained in the shadow line? Answers 
to these questions may be found by carrying out (ehve qinvectica- 


son. 
Materials (per team) 


Globe with axis and base 
DeCLSSsOrs 

Record of outdoor gnomon 
Peratgnt pims,) 3 

Pile secarnd 


Light source 
Procedures 


Ay Use your Globe to review the ideas presented Vimy cae 
inguiry Demonstration bout day andenigit .eDecige 
which directions on your globe are to be called 
noe, "south. “east and Vines Ne ce sCeGrac 
the direction in which the globe should be rotated 
in, order: to ~producem"days "and, inn gies Ves slimy Ol 


notebook prepare a sketch showing these directions. 


B. . Following instructions given by sour, teacher, attach 


an indoor gnomon to a point in the "northern" hemisphere 


Sh} 


(half) of your globe. Be sure that the miniature 

qnomem beard as 4"horrzontal" for thar spoint’-on the 
globes Also be’ sure that the indoor *gnomon itself 
1S Slrargne up sand down" “for that point. “Check to 
be sure that indoor gnomon points directly "down" 

toward the Teenter or the globe. ‘There should™be a 
90° angle between the indoor gnomon and its gnomon 


Ip@enieGre 


Cc. Around the base of the indoor gnomon draw short 
aerOwereLabekeds "NIUE weand: Ws. These arrows 
should point to directions on the globe, not: ah 


your classrooms  soee Figure 2.11. 














Figure 2.11. Procedure C completed. 


34 


D. Place the «globe, and base “in front, of the Pig: 
source. ; Be sure thatijthe globes, aththe same 
height as the light and that the axis of the globe 
is perpendicular to the table top. Rotate the 
globe (in the "proper" direction) untid’ the indoor 
gnomon shadow is in a morning position (about 10 


Ouelock). 
Interpretations 


1. In what direction from the indoor gnomon does the 


shadow extend? 


2. Look at the record from the outdoor gnomon., In vwhact 
direction from the outdoor gnomon did the shadow extend at 


eloouke ILO oii, 2 


3. Are your answers to Interpretations 1 and 2 the same 


or are they different? 
Procedures (contanued) 


E. Rotate the globe on its axis until the indoor gnomon 





DS an the "noon position. Observes theslenqLu haan 


direction ,of themshadcw. 
Interpretations 
4. Did the indoor gnomon's shadow become shorter or 
longer as the globe was rotated from) the 20:00 a.m. posi 


to ther noon" position? 


5. dn what direction from the indoor Gnomon Woes) ene 


shadow now extend? 
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Procedures. (continued ) 


BR. ehookfagaim abetktetrecordtirom thevoutdoor gromon. 
Notice the length and direction of the shadow cast 
byothe coutdoor “gqnomon at moon. 

Interpretations 

6. Between morning and noon did the outdoor gnomon's 


snadow Deccmesshorter, did bebecomeclonger )) Or jdwdvat stay 


Ene same length ? 


Hee 


Ae noon What wes the direction of the shadow of tEhe 


outdoor gnomon? 


Procedures (continued) 


G. 


Rotate the-globe back and forth slowly between the 
morning and noon positions of the gnomon.- Using a 
SR Legecicul weLace EieCapach yor ete Lip or the 
gnomon's shadow on the file card. Now predict the 
afternoon path of the gnomon's shadow by drawing a 
shadow line where you think it should be. Slowly 
turn the globe all the way from the morning to a 


late afternoon position several times. 


interpretations 


oe 


Was your®prédiction correct? 
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Procedures (continued) 


H. Rotate the globe back and forth from "morning" to 
"evening" several times. If necessary make changes 
in your predicted shadow line. In your notebook 
make a sketch of the indoor gnomon's shadow line. 
Show both the shape of the shadow line and its 
relationship to the gnomon hole. Label it "Northern 
Hemisphere, Observed." Compare the shadow lines of 
the indoor and outdoor gnomons. 

Interpretations 

9. Other than in size, are the shadow lines simiteryor 

different? 
10. If they are different, in what way are they dittesent?: 


Procedures (continued) 


neg 


In your notebook.sketch a prediction of a shadow 
linesgatathe equator.) sLabel) thisysketeh (quacG:s 
Predicted." Inamakinguthis prediceion, tougmey, 
Took Jak theaglobe, povu doynoe moverthe i ndeer 

Gnomon yet. sApter making Ehesprediceion mover ame 
indoor gnomon to the “equator” of your gqlobe- igain 
be: sure that the arrows point to the proper directions 
along the surface of the globe. Turn the globe 
through several "days," and observe the shadow. 

Make a sketch of the observed shadow line produced 
at the equator of your globe. Label at Vequator, 
Observed." 
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Interpretations 


li. Was your prediction accurate? 


ieee Noy Co. you tilinks It, would be difficult to use an 


outdoor gnomon near the north pole? 

Procedures (continued) 

J. Move the indoor qnomen tor the “north pole of the 
globe. Test the prediction you made in Interpreta- 
Eon a. 

Interpretations 

13. Was your prediction accurate? 

14. Do you live Mear the equator, nearsone of the poles, 


or somewhere in between? What evidence do the indoor and out- 


door gnomons give you to support your answer? 
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TEA CHER 
MATERIAL 


iNVEstin CATON MS Dee LAGloOooGmGnHonem 


An indoor gnomon mounted on a rotating globe produces shadow 
lines similar to those produced by the cuedoor Gnomon. 

The strength of the model for the earth-sun relationship 
(thinking of the earth as being a rocating globe) is strength- 
ened by this similarity. 

Probable shadow lines which would be produced by eultdoor 
gnomons at equator and poles can be predicted from the indoor 
gnomon. 

Since shadow lines produced by the outdoor gnomon most 


closely resemble shadows produced by the indoor gnomon when 





it as in the "northern hemisphere Mom cCheyalobe, sctudenes 


may reasonably conclude that they are located in the merthern 





hemisphere of planet earth. This provides a partial vanswer 


tov the question “Wheres Are You" 


Materials 


Although the materials described here have produced 
Satisfactory results» others mayswork equa li) well vera led 
IMS OUC hLOiSom hOtE De Ce iCUl ality DesmOn eC ile icme hemo t 
provided in the student text. Give all the help you can in 
helping students set up apparatus that will perform satis- 
factorily.) sGive: as Little help ass you mus teams Cellini 
students what they are seeing. Let them see for themselves. 

Foam plastic balls (Nerf Balls) with a resilient surface, 
sold as toys which can be used indoors without damaging 
furniture make excellent globes. A three or four inch diameter 


WS Sawiboanec Cony. 
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Through such globes an eight inch length of straight 
coat-hanger wire may be inserted to serve as an axis. 

As a base we suggest modeling clay or a piece of 2x 4 
with holes drilled at 90° and 35°. If the clay is left in 
its clear plastic wrapper it is less likely to be deformed 


or otherwise misused. See Figure T-2.15. 


Figure T-2.15. 








A 25-watt bulb, preferably unfrosted, will serve as 
lightesource for:severaliteams. Be’sure that electrical 
Gomiee@eLtonswaremotuexpoced, and that cords are taped to the 
WOLK tables in such a way that the bulbs will not be pulled 


to the floor by an inadvertent tug on the cord. 





SC 


Success of this! investigation ‘and, 1m Large measure, 
success of Section Two depends upon ‘students obtaining clear 
cut evidence from the globes and indoor gnomons. For this 
reason it is strongly recommended that you test the combina- 
tion of globes and light sources you “intend to have students 
use, in the classroom where they will use them.» There are 
several ways of improving the sharpness of shadow lines: 
Moving thésglobe, closer to the dight, source may help. 
Decreasing the overall illumination in the room may make the 
shadows more apparent. Replacing the bulb with one of higher 
wattage, or replacingsa frosted bulb with famguntrosced soup 
may help. Tti'you suspect that Dicght arene ede: Source is 
reflecting from walls of the room, you may be able to have 
students move toward the center of the room. § If light from 
two or more of the sources falls on a Glebe We! will make 2 


more. difficult to recognize the "coprect™ neadow Lines. 





An excellent method of eliminating extraneous light 


consists of cutting a cardboard carton to make three-sided 





partitions which fit around the globes. Ideally, the cartons 
should be covered on their inner surfaces with black construc- 
tion paper. A removable top allows students to adjust the 
partitions to reach the proper compromise between maximum 


Visibilityeon thei globe and allowing” toosmuem light in. 
vee Biguregil 2 S16. 
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Figure T-2.16. 


eon er wlencernd., CULM halt, provides Cwo satis— 
factory boards for the indoor gnomons. The cards should be 
used ruled side up. The card can be attached to foam rubber 
globes with two straight pins placed about 1/4" apart. These 
Witie caouce sthat the card lies “horizontal” to the globe at 
EMER DOUNGEUOG Contac and does not rotate or wobble. A third 
Pin can be inserted between the other two, but only part way 


in, to serve as the gnomon. 
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Procedures 


Awe Bive or ten minutes should be surficien= foracer 


part of the investigation. 
B.-C. No comment. 

D. Students should not be overly concerned about the 
time of morning represented. Any point before "noon" 
at which a good shadow is obtained is" sactasetactor yy. 

Interpretations 

1. The shadow extends toward the northwest. 

2. The outdoor gnomon shadow also extended toward the 
northwest from the gnomon at this time. If students experience 
difficulty be sure that they are considering the shadow itself 
(not marked except by the gnomon base and the 10 o'clock dot) 
and not the shadow line. 

3. The answers should be essentially the same. 

Procedures (continued) 

E. No comment. 

Interpretations 


4. The shadow became shorter. 


5. The shadow now extends toward the north. 


Sit 


Procedures (continued) 


Eee No comment. 


Interpretations 


6. The outdoor gnomon's shadow became shorter between 


morning and noon. 


7. At noon the outdoor gnomon's shadow pointed north. 


ReOCeduULesen.CcOnuInued,) 


Ge No: Comment. 


Interpretations 


8. Student answers will vary. 


Procedures. (cont inued,) 


Hew tne sketch Should be a copy of the andoor qnomon 


ge COG. 
Interpretations 


9.-10. Student answers will vary. Under the conditions 
described, seme indoor onomon’ should be producing a straight 
Sao Oeics welieLt COSSemOb, check COgsee!tiat students have 
DEeeeemuie ead vemcara nNOLaZontcal au pDOanteor -contace, “chat che 
POtatLhoOndleatio sO the Globe 1s vertical, ‘that the aight 
Ssoureé and globe are at the same height, and that the gnomon 


pin is directed toward the center of the globe. 
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The shape of the outdoor gnomon's shadow Tine war 


wary from school to school “and iwill depend Uuponm laerdarvenon 





which the record was produced. Shadow lines before the 
equinox and after the equinox will be curved, while those 
made sufficiently close to the equinox will be straight. Do 
not discuss this point with students at the present time as 
it will be developed in the next two investigations. 

If indoor and outdoor gnomon shadow lines correspond 
in shape students would be reasonable in concluding that the 
indoor gnomon is lending strength to the rotating globe model. 
Ie shadow, limes do nowrcorres pond yOUn OU tLOo kam iG ieocr 
"There seems to be something amiss. Since we cannot change 
the behavior of an outdoor gnomon we will have to consider 
changing the model." In Investigation 2.5 students will see 


Ghat Etllcing the axis of Enero lobe wi lier ecuiis mecue ved 





shadow lines. 
Procedures’ (comtinued ) 


i. whe shadow jine should be straight and wilW pass 


through the indoor Gnomonsposletom. 
Interpretations 
ll. Student answers will vary. 


12. Since shadows became very short at the equator it 





is likely that they would become extremely long at the pole. 
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Procedures {continued ) 


Js) li ine rocatmonalmaxrs “for the qlobe interferes, a 


location near the pole should verify predictions. 
Interpretations 
13. Student answers will’ vary. 
14. Students should recognize that they do not live 
near the equator because gnomon shadow lines at their location 


do not pass through the gnomon location. Neither do they live 


areemvOLe,, DeCause shadows are mot inordinately long. Since 





EhesGnomonesnacow ai moon extended Lo the north, che” sun must 





have passed to the south. Therefore it is reasonable to 
Cogc de etiarss "We Livesin the northern hemisphere, burner 
abiene POLE, Of a Fotat moqwehobe diel liswpagived, answer ico 


the question "Where Are. You?" will be refined later. 
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INVESTIGATION 2.4; The Length sot Days 


At any time of the year, a day--from noon till noon--lasts 
about 24 hours. But experience has shown you that during 


summer there are more hours of daylight than of darkness in 





each day. In winter there is less daylight in each 24-hour 
day. What could cause this? What changes would have to be 
made in the rotating globe model of the earth to account. for 
changes in the length of days? In this investigation you 


will consider one possibility. 
Materials (per team) 


Globe with axis and base 
Light source 

Rubber bands (5) 
PrOuraccor 


piracghiapans 
Procedures 
Aye BGORYye 2 Guirce. 2. bain yOUur nOremook. 


B. Place four rubber bands around the globe as shown in 
Figure 2.13. The rubber bands should be carefully 
placed to divide the globe into eight equal sections. 
Placeraseifth rubber band around thesaqlobe to 


bepresenG an equator. 


€. Stick asstraight pin about half-way into stne globe 
near the intersection of the "equator" with one of 
the north-south" bands. | Stick a ysecond pinsinte 
the globe at a point about one third the way from 
uhé “equator” to the “north poles Ghesseconds pm 
should be along the same "north-south" band that the 


Pirst pin wes near. 


Number of Daylight Hours 


ae 














aes 
Away From |To One Side Of 
Piet Source Light source; Light Source 


Location 









Northern 
Hemisphere 
Pin 


imieapene Ap We 


Figure 2.13. 
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Put the globe in ‘trent om tthe vlighnt! seunmce. Be 
sure that the center of the globe as level witha rae 
light source and the axiseis vertical (strartgncaup 
and down). Tf itvis ditficult to ses themiine 
separating light fromiudark)on, the globe. asksyoue 
teacher for suggestions. The earth rotates once on 


its axis in each 24 hours.) Imagine: thatwyourscglebe 





rotates at the same speed. Since the rubber bands 
divide it into eight equal pasts. Lea weuldiacase 

24 + 8 or three hours to turn from one rubber band 
GoOlthnel ext’. 


Rotate the globe untily the vequator pints. 1Us es comimg 
from dark into daylight. Then rotate the globe 

slowly, counting “Ss hour sectorseunts Laeneme ua 
reaches the light-dark line. For how many ‘hours 

Was che -pin sin thew light ee Gla voulcannot, tell exac ing 
estimate the number as closely as you can.) Enter 

the number ofe"hours™ im the table ain your notebook 

in the space labeled "equator" and "Vertical - No 

Pa coat 


Repeadtwerocedure &, but this timemobserve’ the pin in 
the "northern hemisphere."" Estimate the number of 
"hours" it spends in light and enter the number in 
the table. 


Now tilt the axis of the globe about 35° toward the 
ighGesoureess (ihe "north pofel™@eoward the ilaKepigh 
Chee ouch pnole awaye iron tape «eneck to be sure 
Chatethe center sofmehe clobemisietild level withthe 
light source. Turn the globe to see how many "hours" 
each pim Spends in light.- Bescaseful not to change 
the tile as .you turnthe globeameenter your observa= 
Cions am the table: 


4l 


Ho meer rhe wbase of che globe until the axis of the 
CPolew “ome witedtaway Rromithel tight. source. “Test 
eachepin lim turmetorsee how many “hours'' at spends 


iyalght. | Sniversyvour observations in the table. 


i. Finally, turn the base of the globe until the axis 
ts Litced Metther toward nor away from “che light 
source, but to one side. Estimate the number of 


"hours" spent in the light by each pin and enter 
these in the table. 


Interpretations 


1. Could changes in lengths of days on earth be accounted 


POPs Oye tile enogvotethe Garth as having a’ tilted axis? 


2m ke sO, Witch season would ‘correspond to which direc- 
LOM, Om ea Isc? 


oe Whee Can youl say abowr che Lengths of daylignuefon 





points on the equator if the tilt of the axis changes? 


PROBLEMS 


Je) How do you think the lengths of daylight sor a 
point near the north pole would be affected if the tilt of 
the axis changes? Does this agree with reports you may have 


heard about conditions near the pole? 


eo) in) Procedure €, and elsewhere, words such as "equator" 
have been placed in quotation marks (" "). Why do you think 
Cini smicas Desir done 7 
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TEACH ii 
MATERIAL 


INVESTIGATION 2.4: The Length of Days 


A model in which the earth's axis is tilted (not perpendicular 


to the plane of the orbit) is consistent with observed seasonal 


Varlationsmins lengEnsmos Wdeys:. 
Points on the equator of a, globe experiences EZsnours sor 


daylight regardless of the inclination of the globe's axis. 


Points farther from the equator experience greater 


variations in length of daylight. 


Materials 


The same globes and light sources used in the last 


investigation are suitable. 
Rubber bands should be of a diameter which will fit the 


globe snugly. 


Procedures 


A.-C. 


De 


No comment. 


Ef students have ditficulty in seeing che terminator, 
the line separating light from dark sides of the 
globe, suggest some of the techniques described in 
Investigation 2.3. Be sure! thatathestermminaror wa. 


well détined tor. the. Ino-ti 1 EU cont. ele ees me ame, 





become somewhat more difficult to observe when tilt 


ESM a@ Gill ee aie 


Be sure that students. rotate the globe inv the Ginec= 
Eilon which scesults ian "sunrises! ande'sunsecon 


OCCUrFiMNgG in Théeireproper directions. 


Figure T-2.17. 
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There may be vsome ambiguity about placing pins 


at the exact location of the dark=-light line, but 





do not allow students to become too involved in the 
problem.) “The equator soim will spend about 12 “thours" 


in light duning@abhis ~vocedure. 


Witietiie Globe anithisy orientation the, "northern 
Hemropniere! fpr ld) eilsouspend about. 12 “hourstin 


iigie see Migqireq@=2..117, 


axis 


direction of sun's rays ! 
= —_ > 








With the north polar axis tilted Coward the Light 
SPOULGemEeLeguator pin will still spend about 12 
Toure Ses cite en ioUs Ene mOrbnerni. Nemispiere pin 


Wali bewanelighit Lor more than 12 "hours." Students 





whe Have dipiiculty recognizing this may be able to 
See, Glau vee equaton pin doés, spend 12 "hours" in 
light. By comparison they can then see that the 
northern hemisphere pin enters the lighted zone 
before the equator pin enters and leaves the light 
Gpceteuievequacone pin. Tis at mise spend more 
iol scien iain the Tignii. Lf necessary tell 


students what to look for (the order of emergence 
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of the pins) but try to let them draw their own 
conclusions concerning lengths of time in light. 
The exact number of hours is not as significant as 
Fecoqnitiomrot tthe, facts thay stor the northern hemi- 


sphere pin, Gdayligntmramesr. increased. 


Figure T-2. 18. —— axis tilts toward sun 





He Agaim the equator pin will be an the iiehe toms 
"hours." This time the northern hemisphere pin will 


be im the light for Significant iy wess lane OUa nme 
see Figure T-2.19. 


Figuresl—2 19). i——= axis tilts away from sun 


spi 


—. 
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I. Students should be able to see that both pins spend 
Ene ssame amount; or time, about 12 "hours," in the 
lights Lrsstudents "pring “up“the matter *you could 
now discuss equinoxes, ‘times’ at’’which all points on 


Garth experience’ 12 “hours ‘of daylight and 12 of 





darkness. ssinese’ oGcur-on -or-about! March 2) and 
eeptember 21 of each year. If the matter does not 
arise of itself you might prefer to postpone discussion 
of the topic until students have completed Investiga- 
HOM 2ieDr. 


Interpretations 


io Lea ec iinikance Of “che teartim s axis “as being “tilted 
relative to the sun would account for daylight periods being 


shoreer or Wongermtinam F2-thours. 


2. Iheenorthn! polar ‘axis anciined toward the light 
Source would Correspond to summer for the northern hemisphere. 
ThewnOrc ie polar axis gieclined away arom, the Light Source 
would correspond to winter for the northern hemisphere. 

Bithner the no-tilt or the tilt-to-the-side condition could 


€OEReSpoOnd tor spring and tall. 


Se Pointe along Ehe equator ispend L2 hours in the laght 
regardless of tilt. 
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PROBLEMS 


1. Students may have noticed while performing the 


investigation that points near the pole experience continuous 





light when the pole is tilted toward the light source and 
continuous dark when the pole is tilted to the opposite 
direction. If they, did motenowsce-this scudencssmayvanoe 
able to infer the behavior of points near the pole from that 
of the observed points. Such conditions will probably be 
Consistent with reports students siaevemread ce leyt ato nm amenier, 


etc. 


2. The equator is an imaginary line around the earth. 
The rubber band around the globe represents a line on the 
globe which in turn represents the imaginary line on the 
earth. In order to avoid such cumbersome use of words the 
rubber band “is referred €o as the “equator. —~Equator—— 
without quotation marks--is reserved for the imaginary line 


OM, ae weal, eawrielin. 
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TN Wit SE TEMETEON 255.2 Tndoor Gnomon--Axis Tilted 


A scientific model is first proposed to nelp in understanding 
an observation. The model” us Mot @enerally proposed ia 
finished form. As more observations are made, the model is 
ehanged) to accounu 1Or semen. 

Then an interesting thing may happen: A person may 
notice that some real event or thing can be predicted from 
the model. By “predicted™ 1b 4s meanG thaw according to 
the model something should be happening which no one has yet 
déeuected. When ve model can be Used si ieie ScD Goole eet 
there is a good chance to test the model. If the predicted 
ObSerValion ts actually made. thems trench nor elem mMoOdwmars 
increased. If new observations are not in agreement with the 


prediction, it becomes clear that the model should be improved. 








Development of the earth-sun model is following the 
pattern just described. The model starts as a useful way of 
understanding why the sun rises and sets. The model is also 
found useful in understanding the general shape of shadow 
tines cast by a Gnomom. “Ihe modem did mMotwer) ai sstreccoum. 
for an observation you had already made, that the number of 
daylight hours varies at different times of the year. In 
Onder TO Correct this the model "was changed. tome) udema 


tilted axis. This feature of the model, the tilted axis. 





May Nave made It Gasieér to Understand changing Nhours of day= 
fight. ‘But has tilting the axis destroyed the model" suuse: ule 
ness in explaining shadow lines? In this investigation you 


Will consider the effect of a tilted axis on shadow Janese 


Materials (per team) 


Globe with axis and base 
Light source 

PEOtractor 

Indoor gnomon 


Record made with outdoor gnomon 
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Procedures 


oe vincachs the: andoom Gnomon ora point.anithe i'northern 
hemisphere" of your globe. Be sure that the gnomon 
Deseue Whorizontcal'eand the mndoorsgnomoniss pointing 
directly away from the center of the globe. Place 
thesglobe: ands qnemontanieront Of «the light, source. 
The axis of the globe should be vertical and the 
globe should be at the same height as the light source. 


B. Rotate the globe and observe the shadow line which 
is produced. In your notebook make a sketch showing 
the shape of the shadow line and the location of the 
qromon.. babel the sketch "No Tilt.” 


GC. Tile the globe toward eheslight source by about ele) 
Again rotate the globe and observe the shadow line. 
Make a second sketch in your notebook showing the 
shape of the shadow line and the location of the 


Gnomon.) Label tais sketch "Tilt Toward Light sources" 
Interpretations 


1. Compare the two sketches. When the globe is tilted, 
does the shadowelinesatel!noon" come cleser)to the gnomon, 
stay the same distance, or move farther away than at "noon! 
on the non-tilted globe? 


Come iecheac.lope tilted, is the shadow line straight, 
are the ends curved toward the gnomon, or are the ends curved 


away from the gnomon? 
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Procedures (continued) 


De’ TiLt the globe away from che light ‘source’ by about 
35°. Rotate the globe to produce a shadow line. 
In your notebook prepare a sketch showing the shape 
of the shadow line and the location of the gnomon. 


Label the sketch “Titt Away From aghG sounce ali 


Interpretations 


3. Describe what happens to the distance between shadow 
line and gnomon when the globe is tilted away from the light 


SOMA CT. 


4. Describe the shape of the shadow line when the globe 


is tilted away from the light source. 


5. Examine the record from the outdoor gnomon. Does 
this record give any evidence concerning tilt in the earth's 


acais 7 
PROBLEMS 
i. > Des crEbe tan investigation sou ccou lmtcamry cueaw cea 


a gnomon which might indicate whether or not the earth's 


ge Changes lbs) Gilt in ene couRseronsanyean. 
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TEACHER 
MATERIAL 


JUNIE SAL IGAMIPILO WN, “25'S 2 Indoom Gnomeon=—Ascrse Iialted 


A scientific model may call attention to a hitherto undetected 
phenomenon. 

The model of the earth-sun relationship has been changed 
Gpy edcing a tilted axis) to account for variations in lengths 
of daylight. The effect of this change on shadow lines must 
now be re-checked. 

The model predicts that shadow lines will be curved 


ileTOLe edger eer oquinoxes.,, buG straight right at the equinoxes. 
Materials 
The materials are the same called for in Investigation 2.3. 
PROCECQUEEeS 
Meesemsure Students Understand that “horizontal” means 
level with the horizon for an observer at that point 
on the globe and not level with the floor of the 
room. The globe's axis should be vertical, with 
reference to tie room, and ine pin should be “vercical”™ 


with reference to the globe at the point of contact. 


Boaeoceur LoOULe T=2.20:. 





shadow line 








gnomon 








Bigure 1=2220., No tilt. 
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C.. SeerFigure T-2.21. Note that the distance sepacavang 


shadow line from gnomon at closest approach has 





decreased and that the ends of the shadow line are 


curved toward the gnomon. 


Figure T-2.21. Tilted toward the light source. 





shadow line 


gnomon 














Interpretations 


1. As the globe is tilted toward the light source the 


shadow line moves toward the gnomon. 


2. With the globe tilted toward the AkakefahemisveiShaciey cals 


ends of the shadow line are curved toward the gnomon. 
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Procedures (continued) 


Da oee Higure T-2.22. Note that at closest approach 
the shadow line is now farther from the gnomon and 
that the ends of the line are curved away from the 


gnomon. 


Figure T=2.22. Tilt away. 





; 


shadow line 





gnomon 











Interpretations 


3. As the globe is tilted away from the light source 
the distance of closest approach of shadow line to gnomon 


becomes greater. 


4. With the globe tilted away from the light source 


the ends of the shadow line are curved away from the gnomon. 


5. student answers will vary depending upon the time of 
year at which the gnomon record was made. From a single record 
it is not possible to make comparisons concerning distance of 


closest approach to the gnomon. 
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If records show a curved shadow line it suggests thar 
the earth's axis may be tilted. Such curved shadow lines, of 


course, will not be obtained on or very close Go rnc equinox. 


PROBLEMS 


1. students may suggest that qnomon records jcouldspe 
obtained at intervals of a few weeks. Changes in distance of 
shadow line from gnomon, or changes in shape of shadow line 
would suggest a changing tale. “All records tobtaimed@snould 
be dated and kept for use during the investigation thesoun 


Ptande Still wich, Leefound nea ppends x). 


INVESTIGATION 2.6: The Northern Sky 


LUC nr Ota c Ona OU Em Elem COCalEl©GurainGmnl@ te Hon sm Onmtclle mecrtatsia 


Cane be woaineds by observing the night™sky. Although there 


ereechetis woich show locations and Motions of stars, there 


ie nNevelbeciture ror direcr  opservation. “Therefore, if you 


live in an area in which the night sky can be observed you 


should attempt to locate and observe some stars yourself. 


This) inVestigaliomeiivelveswooserving Stars in the northern 


Sky a) © OU" Can Lindwormers suggested observations in Appendix D 
aL the back or) thesrexc. 


Procedures 


Ags 


sera CONpe ce memMeD.mor Lie Cirection of a shadow 
dt iOOMm comlocaremmlomel. Brace this direction in 
ENSweVeli lic. mn Leimomcr atm. pOlnte toy the northern 
NOEEZON. Seon Woligvocher arm straight up. “Lower 
your upraised arm to a position half-way between 
SELLA tenor Uepand the NOrizon, and extend a ringer. 
MhesDrLgitesL Star invENe areca You are pointing ro 
emcee PCOR Oar ewe OLlermMameon LOL ePOlaArisware 
NOSEIINe cateand  Polestar. 


Interpretations 


les 


How would you compare the brightness of Polaris with 


that Of Other Seanemiirechiewsky: 
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Procedures (continued) 


B. Look in the vicinity sof Polaris tom seven slragemeneas 





make up a group called the Big Dipper. This constel- 
lation may mot be in tne sposi tien. shoynei meta qurccw ua. 
but you should be able to recognize it from the pattern 


EINEM Sieclic Sumis@ tomes 


Figure 2.14, The Big Dipper. 





Extend an imaginary line from the last two 
Stars insthe bowl of tha vstar Group, “as Shown im 
Figure 2.15. These two stars are called the 
Pointer Stars... revo fave CcORrectity Located tite 


Big Dipper, the line should lead to Polaris. 


Figure 2.15. 


uv * Polaris 


pointer stars 
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C. Note the position of the Big Dipper relative to the 


Nowerhwetave, Look *ageain* any hour later. 


Interpretations 


2. Did the Dipper appear to move clockwise or counter- 


Clocks e-weotarecloupee enact move ‘around Polaris are called 


citcumpolars 





3 One Vor Vehe Seven stars im) the: Big Dipper is actually 


a 'doubte eacaqg chats meEVvOmstatouwicipame very close 





EOGetTN SR Et Cm ote es Fenihs cam Nore mw Mans Hs a difficult 





observations IE ts possible only on very Clear nights.) 





Procedures “continued) 


DS eCOMm eben DOUDE ulate rom cCUGCUMPDOLat 1S the 
Pit elenDiLODee wr omits ame yoUCdeses. Lt is nou as 
targe as the Big Dipper. 
Because of viewing conditions, you may not 
always be able to see the Little Dipper. Figure 2.16 
Wiel uy Ol LOcaLem tm mmNOc MCeutitaty Polaris as) one 


of the stars sin theyLitthe Dipper. 


Figure 2.16. 


*—__ 
| 
* 


: 
* 
Little Dipper x 
! * 


se @ Polaris 
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Draco the Dragon is’ a Large circumpolar*constellation-= 


Bite 
Unfortunately,” 2t ts also quite dim, bu you siolla 
be able to see parts of it between the two dippers 
CPLGUre 2s lb). 

oteaehes) 75 1L7/c 


* 
Little Dipper A 
* 





Make a sketch of the positions of the three 
star groups or the parts of them you were able to 


see 
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Two additional circumpolar constellations can be 
ToOcaredvancd#identitiedsin thetsky.- To find 
Cassiopeia (Cass-ee-oh-pee-ya), extend an imaginary 


(Anew ECOMe ene pte estar in the handle of the. Big 





Dipper, wenrougiePolarims, and continue fox van. equal 
discance pastpPolatism(Fagqure 2728)., Cassiopeia ‘is 
shaped like the letter W or M. 


*—. 


* — 
a ae, / 
‘ See + @ Little Dipper 
* oo a5 


: 
| 


Big Dipper 
* | 


ae 





beer Do Alf}. 


G. Thevlast circumpolarvconsrellation youswil lI eiookwror 


is Cepheus (seh-phoos). Like Draco, Cepheus is 


disiicult,-to seesunlessevaewilngscondsulonstereevery 
good. 





Cepheus can be found between Draco and Cassiopeia 
(Figure 2619). Five stans tine the! shavesoteaisouse 


or a pentagon make up this constellation. 


_- 


/ Cepheus 
r ah 


c 


Little Dipper ss } Lee 


Cassiopeia \ 
e 


oe 


e 





Figure 2.19. 


Figure 2.19 shows all the star groups described. 
Rotate the book until the Star groups are imine 





same position as they were when you viewed them. 


Si 
Interpretations 


4. Wiech way would vou Have ‘to turn Figure 2.19 
(clockwise or counter-clockwise) to show the position of the 
stars one hour later? Through how many degrees would you 


NaveweOnmcurnar gure 2.1 to show this position? 


5S. Why do you think all the constellations examined 


appear cro rotate around Polaris? 


FEENTS <HOR OBSERVING STARS 


Pind wa yo laeerawayierrom beaght elights.- Uf this, is..not possible, 
EryY CO) scand where the lights do not shine directly,on,-you. 

Allow your eyes at least five minutes to get used to the 
doce meCOU LM ECC es bom ew icd liconGinue to improve for more 
than thirty minutes after you leave a lighted room. 

PesyOUsUseecd Seow ight) LOslocke 2 ers car wcharus, on .take 
NObe-EWeetemotar-Wwateching, cover the Lens with a piece of red 
cellophane. 

Whemelooking for a dim objece sit may help to look slightly 
CO, ON ema toe Onn ead Se hyrow plod. eecely AGsiLt yt may drsappeanr. 
When you fix your attention to one side, it may reappear "in 


the corner of your eye." 


Sa 


TEACHER 
MATERIAL 


INVESTIGATION 2.6: The Northern Sky 


Polaris is observed as remaining stationary willevadjacerr 


stars move about TE in a counter=clockwise direction. 


deal Giige 

The investigation should be assigned at this time if it 
has not already been called to students' attention. The 
observations which are made will be needed before students 
work on Investigation 3.1. Assigning these observations of 
the northern sky a few days before related class work is 
begun will provide some leeway in the event of poor viewing 
conditions on one or more evenings. 

The observations may be made by individual students ,~by 
Groups, Gb--ireinterest, Veethere=-iniay Clases taceca fey ao 
skies in your area are consistently overcast you may wish to 


considem a- planetarium "velo tripe fom Voummeelase. 


Procedures 


Aw-B. Tf students arevalready familiar with) the, Big Dipper 
they should feel free to locate it first and then 
find: Polaris by following: the pointers. 4 ite ite eger ae 
however, that a student who has no prior experience 
with the northern ‘sky can be Wed Eo atigduthesstar 
groups most easily by the method described here. In 
any event, the objective of the exercise is to observe 
the stars and their motions regardless of method 


employed to locate them. 
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Interpretations 


ee OL eto NOt ~a particularly bright estar, but none 


Bnecneavicinity. Pe brighter. 
Procedures (continued) 


C. The Big Dipper appears to rotate counter-clockwise 
around Polaris. 


Interpretations 
2- oee Procedure C above. 


3. The next-to-last star in the handle of the Big 
Dipper, Mizar, Masa faint Ycompanion, “Alcor. Ineidentally, 
Mizar itself can be resolved into two components with a 


telescope. 
Procedures (continued) 


De=~G.m otudents will probably tind) that Cassiopeianisathe 
Gasiest of the four star groups tot locates. Viewing 
Eondivions Must be goods towseerthe othersjcbuteat 


Teasie peaks OL eacl? Group whould be cbserved. 


Interpretations 


4. To see how the stars would look one hour later 
students must turn the book counter-clockwise through ile 
(360° + 24 hours = 15°). 
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Section Three: 


Testing Models 


PREVIEW 
Students have already found that a change in tilt of the 
earth's axis would result in varying numbers of daylight 
hours at different seasons, They have also found that a 
change in tilt of the axis would produce changes in shadow 
lines. Whether these changes in shadow line shapes and 
location have yet been observed depends to a great extent 
upon the number of gnomon records students have made and 
the length of time between such records. 

Early in Section Three an Inquiry Demonstration shows 
Emre. ero lone mOGCe bo Oleic. cote lea three ways. it 
which thé orientation of ithe earth's axis relative to the 
sun might change. None of the models is the familiar one 


in which the earth orbits the sun. Students observe that 





any of the three models is consistent with all evidence they 
have gathered to date. 

Ouesof the imodels,, Models lis eliminated when, ity is 
POUNCE EO, De LnCconsts tent with) observationssof Polaris. «The 
observations of Polaris were suggested in the last section, 
but are summarized here in sketches in the student text. 

A second model, Model 3, is eliminated when it is found 
to be at odds with observed changes in position of the Big 


Dipper through the seasons. 
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The remaining model, Model 2, is modified tovaccoum= 
for observations of meteors and thus becomes the familiar 
and widely accepted current model for the earth-sun relation- 
Seto 

Emphasis here should be on learning the manner in which 
models can be tested and on the basis for our current notion 
of the earth in orbit about the sug. 

Encourage students who have not yet done so to observe 
the North Star and the circumpolar constellations (Investi- 
gation 2.5). Though anticipated observations are summarized 
in the text, it is in keeping with the philosophy of the 
course to encourage first-hand observation whenever possible. 
Observat Lons“of SPollarvs “and the Yerrcumpo lar constellations 


provide the basis upon which two of the models must be rejected. 


NOTE: In the section following this one students will be 
concerned with longitude and latitude. It is recommended that 
teachers write tos Director, Coast and GeodeélLice suse, 
Environmental Science Services Administration, Coast and 

Geoderie@* Surveys Rockville, Md 20852, ,accn: oe. smolog, 
Division, requesting that they be sent the "Preliminary 
Determination of Epicenter Cards." The cands! «contain amtoemnaciton 


which can be used to apply students' knowledge of geographic 





coordinaves. The results of plotting this intormaticn ayia 
be useful in Section) Ten, which, deals with geophysics. 


The service costs $1.50. Payment should accompany your 


order. 
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Section Three: 


Testing Models 


Throughout Section Two the development of an earth-sun model 
was fairly straight-forward. The model proved useful in 
explaining certain observations you made; when the model 
fag led eo agree Wit) new Observations it Could be quickly 
and easily changed so that it did agree. 

You may have gained the impression that a model always 


Severs Vesvcllvescebalgnt-f£orward fashion. Jf sO, part of 





the reason may be that you have so far considered only one 
model at a time. That model may have seemed a description 
SiWiaee you already Knew aboUm Ene e€arcit and sun before you 
started the course. 

im seccion Three you will consider several different 
models for the earth-sun relationship. Each model will be 
tested against observations which you have made or can make. 
some models will survive these tests and others will not. 

it is hoped thet you will not simply learn which model 
tem beee. Ne vou should come to Know the sstrong points. of 


each model, even the ones that are rejected. Finally, if 





one model does seem to be more useful than others, you should 


know why it is more useful. 
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TEACHER 
MATERIAL 


TESTING MODELS 


In Section Three, three different models for the earth-sun 
relationship are considered. As explained in the student 


text, this 1s done in ordér to show that (enere ares pose ole 





alternatives to the accepted heliocentric model for the 
solar system. 


Nene wor senha wenneemoGdelsmecomcurcdenecmencmEnCmb Se Simm Clulialcigts 





model. If one familiar and two unfamiliar models were presented, 
students might immediately accept the familiar model without 
understanding the basis for its usefulness. They might 
Similarly reject unfamiliar models simply because they are 
unfamiliar rather than testing the models to discover inherent 
weaknesses. 

in the reading selection “An Argument for Motion! sine 
surviving model of the three is modified to conform to further 
observations and thereby becomes consistent with current 
eAOugiii. 
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TNQUIRY DEMONSTRATION: Models of Tilting 


In this demonstration your teacher will show you three ways 
in which it “might be possibile ter think of tne selaciensh i. 
between the earth, and sun. You should ery to decide wheres 
each model is consistent with certain observations of the 


a Cievion cana telecine Ss Uliare 


Procedures 


Ae Copy Figure 2.1) itheyouns Notebook’. 


Strengths of Models 


Changing Lengths Siapes "or 
of Days Shadow Lines 
Model 1 
Mogelr 
Modded. 


Figure 3.1. Strengths of Models 


B. Your teacher will demonstrate) Model i. in ehis 
model think of: 
a) The sun being fixed in one location. 
b) The earth fixed in another location, 
spinning on its axis once each 24 hours. 
¢) The earth's axis rocking back and forth 
along a straight line once Gn the course 


of a year. 


Interpretations 


1. Would Model 1 account for observations you have made 
concerning varying lengths of daylight?) (Write "yes" tore "no 
in the table in your notebook. ) 
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2- Would Model 1 account for any changes in shadow 


lines which you may have observed? Record your answer in 
your notebook. 


Procedures (continued) 


C. Your teacher will demonstrate Model 2. In this 
modede thinks.ot + 
a) The earth fixed in one location but rotating on 
its axis once every .24 hours. 
Deine veartncuaxtcuec ti |tedeout nop changing its 
directaon of rile. 


c) The sun moving once around the earth in the course 


of a year. 


Interpretations 


3. Decide whether you think this model would account 
Ton Changes in daylight hours and in shadow lines. Record 


your decisions in your notebook. 
Procedures (continued) 


D. Your teacher will demonstrate Model 3. In this 
model think of: 
a) The sun fixed in one location. 
DAT hnerecariim rotating om an exis which is not 
ti) ted. 
c) In the course of a year the earth moving once 
from a location above the level of the sun toa 


point below and then back up. 
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Interpretations 


4. Decide whether you think this model would account 
for changes in daylight hours and in shadow lines. Record 


your decisions in your notebook. 


PROBLEMS 





ibe Siigeate POSsiplse to decide, On tie Dasies Optic 





demonstration only, that any of the models vs more or Vers 
useful tham ene otnmers?” “lf so, state wach Model cele more 


Cor Less) uiseral. 


2. Describe any additional observations you can think 
Of which might allow you to decide that one modell would bc 


more (or less) useful than any of the others. 


35 Describe other models which you tnink migne bewas 
useful as these in explaining changes in shadow lines and 
lengths of daylight. 


4. In investigations you have performed with the globe 
and light source you have been asked to keep the globe level 
With the “light” source. Why do-you Chink” Ehis Suggestion was 


Ineluded ? 





56a 


TEACHER 
MATERIAL 


INQUIRY DEMONSTRATION: Models of Tilting 





Any of three modéls’Ss useful in explaining observetions 


eoncerning shadow lines and lengths ef daylight fours. The 





fact that one model is satisfactory does. not necessarily 


imply that others cannot be. 
Materials 


Globe 
Light source 
Annudar ring 
Berovereloass= beomsuLréewephatethescombanation ,ot.laight 
source and globe you intend using will be visible to the 
Giessen, PbactLce Manipwlazsacq the equdpment until you’ can be 
confident of what the students will see even if you are 


standing behind the equipment where you cannot see. 
Procedures 
A. No comment. 


Bae Models maiemietlUstiraved aner igure “L-esd0 Lf ae as 
difficult for students. to see the "terminator" 
(the day-night line) you may wish to use an annular 
Hind oO, Mark j2t. OuUGH. Cigbewace. provided .om some 
classroom globes or may be fashioned from coat 
hanger wire. The ring should remain fixed while 
the globe votatessanadetiltsjwithin ie. see 
PAGUL Gl =o «2ye 
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rocking motion 
6 
‘ —_— +m ’ 
Ne Cea paces ; 
=~ axis 






sun 
(stationary) 









earth 
stationary 


Figure T-3.1. Model 1: 
a) The sun is fixed in one location. 
b) The earth is fixed in another location, 
but spinning on its axis. 
c) In the course of a year the earth's axis 


rocks back and forth once along a straight 
line. 





Figure-3.2. Annular Ring. Annular ring remains over terminator 


regardless of tilt of rotational 
axis of globe. 
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Interpretations 


Ts es, Moder] is consiseent with observed changes in 
Verigtir~or “daye. I(t the exis of tie spinning globe is vertical, 
each Pome em the Globe"s surirace travels equal distances in 
Prght wand “darkness (refer to F¥qure T-2.17). Since the Speed 
OF rOLeti10n as Constant, the equal distances ‘correspond to 
equalamounts ofmiiime epent in dayeand night. 

With ene axis tilted toward the sun, each point in 
the northern hemisphere travels a greater distance--hence for 
a longer time--in daylight (Figure T-2.18). With the axis 


tilted away from the sun, every point in the northern hemisphere 





spends more than half of each 24-hour period in darkness 


(Figure T=2 019). 


20, Les, Model! produces the appropriate changes in 

shapes and locations of shadow lines. 
Anode samiterm to this one was testéed.by students 

in Investigation 2.4 (Indoor Gnomon--Axis Tilted) and was 
found to produce changes in the shadow line of an indoor 
gnomon. If students perform investigations with the outdoor 
gnomon throughout the year they will find that outdoor shadow 
lines are consistent with indoor shadow lines produced by this 
type wor tiluing. Ine “Same changes in shadow lines are produced 
byeetevouies two models. Students whofane mot able to recognize 
Pertenece memooULaged tO USe globes and Light sources tc 


test the models and verify results. 
Procedures (continued) 


Ge “Model is iilustrated in Figure T-3.3. 
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Figure T-3.3. "Sun" orbiting Earth. 


Interpretations 


3. Model 2 will also produce variations in lengths of 
daylight and shadow lines which are consistent with previous 
observations. Both spaces in the chart should be marked 


"Ves i: Y 


Procedures (continued) 


De Mocel 3 28 cLilvisemeeee 


DARE Vou he me. 










sun 
(stationary) 


Figure T-3.4. Testing Model 3. 
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Interpretations 

4. Again, "yes" is the appropriate response to both 
questions. © Since the axis remains vertical in all positions 
but the tilt of the terminator moves, the effect is the same 
as tee Of tLIting the axis. 


PROBLEMS 


Pee On chevbasis of ihe cemonstration it is’ mot possible 





to conclude that any one model is preferable to the others. 


(he seme testalas been made of all three, and each has "passed." 


2. Student responses will vary. Some may suggest that 
GbserVaciOns! Of stare, (OLNer than the sun, might provide 


additional information. Withhold judgment on all suggestions. 


3. Some students may suggest that a model in which a 
rotating earth revdlves around a stationary sun once per 
year would produce the same effects. Other suggestions may 
be Made. Again, jake a "let's wait till we Nave tested it" 


approach < 


4. As students should recognize from observing Model 3, 
allowing the globe to rise above or sink below the light 


source produces the same effect as does tilting the axis. 





PiInNce a Untiited Condition was tO be tested it was necessary 


that the globe remain level with the light source. 


Students now know of (at least) three models for an 
earth-sun relationship which would give the results they have 
observed. You may wish to conclude your demonstration with 


a discussion of how each of the models could be further tested. 
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INVEST UIGAT LON) srl s2 abi Strength of a Model 


During the Inquiry Demonstration you observed three models 

of tilting that jeould bev used*tovexplainschanges in length 
of days and in shadow lines. The strength or weakness of 

a model depends upen Now many different types of observations 
May be explaineaewiteit in Ene sinvestigation you are 
asked to test the three models to see how well they can be 


used to explain observations of Polaris. 


Materials (per team) 


Globe 
otraights pin 
Masking tape 


Procedures 


A. ExaminemPigqure 3.2.) Whree views of part of «he 
night sky are shown as they would appear from the 
same location (possibly from quite near your home). 
In e€achiicase, thesopservems is Tookine an the same 
direction from the earth. The one thing that changes 
i tie Micron veer. = Oot rce that Olle Star Is always 
in the same position. The others change position. 
Do you recognize these stars? (Refer to Investiga- 
£1i0n ese 


B. Now you need to test Model 1 to find out whether 
it agrees with what you know about Polaris. To 
do this, insentva strasont pin into” the globe at 
some point in the "northern hemisphere" of the 
globe. The head of the pin should be pointing "north" 
and parallel Womtnevqlobe's axis. D2nis pin now 
represents a "line of ‘Sight" from an observer 
BOWwoarderOlaris.,. THe pole Scar. 
Select an object or point on the ceiling which 
is in line with the pin. This point will represent 


Polaris. 


Figure 3.2. Part of the sky as seen from the same location 
on three different nights. 
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GemNow Make the axis of the globe rock back and forth 
aaa called for im part ¢ of Model 1.% Keep the pin 
pointed toward "Polaris" as the axis moves. 


Interpretations 


i ee hSey OU. ¢CLODes went through the rocking moticorw did 


Ene hine=oL srgqnt’ pins change ts direction? 


Dee Is Model 1 consistent with observations of shadow 


Pines ica ye tone mouse. vend Sighting Polaris? 
Procedures (continued) 
D. Test Model 2 to see whether it agrees with what you 
Know abouts Polaris. "As in, Peocedure CC, keep ‘your 
pin directed toward @ point which represents Polaris. 


Interpretations 


en Is Model 2 consistent with observations of shadow 


Pines. deyliGgnhe ours and sighting Polaris? 


Procedures (continued) 


E. Test Model 3 to see whether it agrees with what 


VOU KnOW about POlaris.. 


Interpretations 


L-com Mogae. Consistene wlth all ObservatiLons made so 


far? 


5. Do any models seem less useful than others? If so, 


WheLlechmomes. 
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TEACHER 
MATERIAL 


INVESTIGATION, 3.1: The Strengrhwotea Moder 


Although most stars change location selative to the earth 
with changes: in seasonjor’ time om nlonte sbOlea@iamremains in 
the same location. The unvarying position of Polaris rela- 
tive to the earth 18 not consistent with Model I but is 


Comeasedne Wien Mecdels 2 amc Aa. 


Materials 


The same globes used for investigations in Section Two 
may be used. 

Lf the ceiling of your selassroommrs devoldso: distinctive 
sighting points you may wish to put in some temporary "targets" 


before class. 


Procedures 


A. Here we are, gin cfrect mame ine Observogrons, For the 

student. However, any who wish to make their own 
Gan easily do so. By, UouLUes Meats OULsnome wes 
mean in North America. Students who observe the 
circumpolarisky amay Roei certian eraLealude OF 
Polaris as seen from their location may not agree 
with the drawings. This would be a commendable 
observation, @buc do noevelaborateuaumtnas time, 


Ssince.Investigation, 4.2 deals with this point. 


B. If students comment that the axis and the line of 
Sight cannot be both parallel and directed toward 
the same point, point outechaceerolarisms at a very 


great distance from the earth. Due to this great 
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distance--over 1000 light years--the distance 
separating an observer anywhere on earth from the 


axtUSvis SO smalioas to bé negiigibie. 
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| 
| 
| 
| 


| 
/——line of sight 


Ge speerPigure T-3.5. 


a ay aa, 
























line of sight—— 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 





| : 
| axis 


—axis 








Figure T-3.5. Testing Model 1. 


Interpretations 





ame oes cehema xis Oreume Globe was cocked the direction 


Of thes line of Sight Nad to be changed. 


Dae Model! fisenot Consistent with sights of Polaris as 


shown in Figure 3.2. 
Procedures (continued) 
D. No comment. 


Interpretations 


3. Yes, Model 2 is consistent with all three observations. 


Sancericlie the) light, source and not the globe which is moved, 








DIC 
the line of sight does not change. Students who are troubled 
by the fact that the globe should be rotating can be reminded 
that after each full rotation, representing one day, the 
observer and line of sight are back to Cheir starving positozon. 


Procedures (continued) 


Be “Neo conment. 


Interpretations 


a4. Yes, Model 3 as (COnSistent wien Oobservacionmaamadge 


SO farm, including those torsos. 


5. Model 1 now Seems less useful, than the others: 


Models 2 and 3 arevor equal vaiue. 
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RELATIVE MOTION 


At one time or another you may have experienced "relative 
motion." Perhaps you were riding if (a car vandynoricecetre.4 
or power poles "rushing past." Actually. sormcouUcse waelia 7 
were not rushing; you were. 

You may have ridden in an airplane and seen clouds 
"drifting by." . Most oF the Movcion wes syours, nome me tone an 
Perhaps you have stumbled and seen the floor "come up 

to meet you." At least, thers loon anpeatecm omecum. ce 

When a streetcar, bus orwtrain starts wit 101 ee 
obvious that you have begun to move.) However, 4 Seis venta 
starts very gradually there is no push from the seat-back 
to tell you that you have started.) Your only clue sgomnce om 
comes from your eyes. Il@ may be Gdirticult (co) belies 
moment, whether you are moving forward or your surroundings 
are moving backward. ‘On the other Nand, at your verse ve 
remains stationary and one beside you starts forward you may 
get the feeling that you are rolling backward. 

During the day the sum appears Eo move across the vey. 
At night stars seem to move. What is the actual case? Are 
objects in the sky moving, Oc is eite Ne seanen. 

At times in history most people have believed that it 
was the stars which wére™in motion. “At present, suneuaecen ee 
opinion is that the earth is rotating. Bewouldvee wer fae 
right now to offer "proof" of either possiba brty stare eeae 
the course; evidence for the earth's rotation will be presenved. 
Por the time being you are asked to think in terms of a forearm 
earth. Watch, though, for observations) whic weulaseienes 
Support on discredit this model. 

How can the idea of relative motion be put to use in 
understanding the motions of the earth in space? Examine 


Pigures: 3 Sohreitieieo. ac. 


(a) Midnight, December 5 (a0) 6 pom starch 5 


(b) Midnight, March 5 (bo) No information given 


(c) Midnight, June 5 (c) 6 o'clock 


Figure 3.3. Polaris and the Figure 3.4. Polaris and the 
Big Dipper at midnight on Big Dipper at three other times. 
three different nights. 
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Figures3.3 a,b; and icfshow! that wm sik. momeis  ecme 
the Big Dipper moves in a half-circle. Your previous obser- 
vations of the Big Dipper may have shown that the same type 


of motion would occur during the course of a single evening. 
QUESTIONS FOR DISCUSSION 

1. Suppose the: changeyimom Figure: 3. 4am tom 40 cesulces 
from rotation of the earth. What fraction of a complete 
rotation would be involved? 


2. How-many, houns,would.thissemuch=retatdon. neque. 


3.,¢ What time, of night March™>, would ioure 2.) slmem 


represent? 


4. If on the night of December 5-6 you saw the Big 





Dipperminwche “Location shew in Figuiee yo 34Di a wiet. cimecwos 


day would it be? (Hint: Look at Figure 3.3a.) 


oe. ProqunesSs.4c ws Labeled "6 “otclocess Ons wiatade vaor 
the year would the stars be in this position if this refers 


to. Gyo! clock in tChevevening ? 


6. On what day of the year would the stars be in this 


postion. (Ptgqure, 3 4c) sat SioNclock an ehe momaaune 7 


7. In addition to the 6 months' difference between 
Pigurés 3.3a and 3.34, what. number tot tours Ob Bcoescion 


appears to have occurred? 
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TEA CHER 
MATERIAL 


RELATIVE MOTION 





Motion of either the earth or stars might produce the observed 
oO Oaaci emi @emOm sae Saictechac Nun OMe C Oi EN meacEMmuSe tOtacdon 
temo wer tcult er Oephovyeg esol Cawalinbeteonsideredyansassumption 
temporarily. Polaris is located on an imaginary extension 
of the earth's rotational axis. The 180° shift in position 
of the Big Dipper over a six months' period is apparently the 
mesule Of a one-halt rotation lot yohesearthsonvzts “axis. 

"Proof" for motion of the earth about the sun (revolution) 
as Offeredsintthe sectionientitled "An Argument «foreMotion" 
Note OmocuCehiamWwiLImreadeitn a Shortatimes ghosythe sameuneasous 


given in the Teacher Material accompanying that section, proof 





Omeclomecaa Mim aol Ona Sma isaT CMBR mOreSbUGeauSs wtOmaime Mor 
Conversant owl boeNewront selawssotpiiovion ame lhe yirequently 


described Foucault Pendulum may be mentioned by students. 





Poeciepetitmousuavy lew a description of this device, its behavior, 
and just what it proves and why would seem somewhat contrived 
POmMaivan jUmnoc haGaeschoolmstudentsic 

acer Minna teie Coursemines Cociolisekrtect will bey comsidered 
Poe comiUNCE on witanoceanmeurrentscrand air. masses. Again, 
Pimeomiiay wIOteDeCreniiTrely CONnVincing: GO Students. 

Perhaps the best course to take is to encourage students 
momoelieve that the earth does rotate, but point out that 
tie Ge belier ais founded on observations by others and not on 


personal observations. 


Owisl LONS FOR IDLSCUSsS LON 


Poel vemechaniGgem impos ELON swOoUld resulil From a. one- 


SuaGter LOtation Cf the earth. 


Za OiencGuarlLe® (Olea LObation would occur in six hours. 
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34. .Pigure 3.4b represenesrmiani git. ase ae 


4. Again, Figure 3.4b represents a one-quarter rotation 
from Pigure 3.3a. Adding six hovwrs to the tGimerot aco ren aoe 


gives 6 a.m., December 6. 


5. Figure 3.4c represents 6’ p.m. on September 5. 
Several lines of reasoning might lead to this conclusion. 
Perhaps ‘the easiest to %tfollowswouldtbes Sincesthe starssare 
180° away from 6 p.m. March 5 (as shown in Figure 3.4a), 


the seasons must have advanced by six months. 


6. The stars"wotild bein this (position tat One * Glock 


inethe morning of *Mavch S°omnG. 


7. “Twelve hours) eorrespondingitota oOne=nals fotauron 


of the earth, appearsto have oecumreds. 
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INV ES TEGAM EON, 92:32:37 ocCheosing ra Model 


You may have found that all three of the models presented in 
the Inquiry Demonstration: Models of Tilting were consistent 
with observations of shadow lines’ and lengths of daylight 
hoursisy Onelomrthe models $ though, wasi mot«consistent with 
appearance of Polaris at different times of the year. You 
then considered changes in position of the Big Dipper with 
changes in time and season. In this investigation you should 


find evidence favoring only one of the two remaining models. 
Materials (per team) 


Globe with axis 
soradcgh tt pam 
Blanks paper 


Object to represent light source 
Ppocequres, 
MaeedOne oa pSNeSt.Or Pape mark eight dots. to. represent 


Poharics andthe sstars,of ctha Big Dipper. « Your 


diagram should resemble Figure 3.5. 








Figure 3.5. Big Dipper and Polaris. 
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B. Place a straight pin in your globe to represent a 
line or signe seo Polaris for an observer in the 
"northern hemisphere." Set the globe in your 
work space with the axis tilted slightly from 
vertical. Hold your star chart over the globe. 

The chart should be positioned so that the observer 
(represented by the pin) would see Polaris and the 


Big Dipper in their correct relationship. 


Interpretations 


lL, Toward which "star! Vonwehne cChaBemeshoulciieimeoscis ers 


the globe be pointed? 
Procedures (continued) 


€. Rotate the globe Wy2 tum sin tire correct Wdimec ction 


to produce “sunrise” in the “east.” 


Interpretations 


2. How many hours would be required for this 1/4 


ISO Eehe AL Oia & 


3. For the observer, would this rotation cause the 


position of the Big Dipper to change in the proper way? 
Procedures (continued) 


D. Place the globe and the object representing a light 
source next to each other. Rotate the globe until 
the observer pin is in the midnight position. Hold 
the star chart over the globe in a position such 
that the observer would see the Big Dipper as it 


appears at midnight on December 5. (Figure 3.3a) 
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Roemiroeceee the Globe until the stars on the chart would 


ampear to the observer as in Figure 3.3c. 


Interpretations 


Aw HOw Many NOUrs Of wrotation were required for 


Procedure E? 


eee ewere eet ee MI diromc! sO tile Observer is pin: 


Procecuves (continued) 


hoeceepina the Globe and star chart in the positions 
Eine rocco teGea tal eed) OLNrrOCcedUtess, move che 
Puce OlRCe Ut atts oueCa tie MLOni ght! Lor Une 


Observer. 
Interpretations 
i tOVveanen~ MOncis WOuld Oenbeguired for thenchange 
in relative positions of earth and sun which you represented 


during Procedure FF? 


me Vigiemror senes tnree Models of Tilting swas represented 


Dye Ene wenance sii jOsctL lone You made Curing Procedure F 
8. Would either of the other models be useful in account- 
Hier mehemeciancen in Ost LOM or thier Big Dipper  be_weenm mid-= 


night December 5 and midnight June 5? 


CPE ViMmchMEnodelmbeSk mal EsmallmOmuEnen ObserVaeLonSs. whach 


have thus far been made? 


PROBLEMS 


1. Describe any other models which you think would be 


COMS uo ECHL eM al lmObSserVvarlons Made Thus far. 
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TEACHER 
MATERIAL 


INVESTIGATION 3.2: Choosing ses vedeu) 


Apparent seasonal changes in position of the Big Dipper are 
consistent with Model 2, but not with Model 3 (or Model 1). 
In this investigation students use globes and star 
diagrams, tangible representations Of Lhe ecarth andecky so 


clarify the abstractions dealt with) in “Relative Motion. 


Materials 


it is suggested that an) "object co represenc iG im 2oUr eer 
be employed. This is done to minimize physical problems 
relating to power cords. The assumption is made that students 
will be able, after previous work with globes and light 
sources, to visualize the "midnight Locaci6n ,Onm tier CLove.s 
without an operating light source, “ff youswilen, eng teevyoue 


equipment permits, actual light sources may be used. 

Procedures 

A. Ney conment. 

B. By ‘an their correct relationship” ae meant thet 
the axis should be directed toward "Polaris" on the 
chart. Tne observer's line of SiQnht,jas represenued 
by the pin, should be roughly# parallel tor thescLona 
ecaisi. 


InterprevacLorns 


1. The axis should be directed toward “Polaris." 
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Procedures (continued) 
C. No comment. 
Interpretations 
Zod ee OULS would be required for 1/4 rotation. 
om eo Ce, Globe is rotated. in the correct direction 
me produce sunrises! in the east," apparent, motions of the 
Stars will be ian the proper directions also. 
Procedures (continued) 
Do. The midnight position would place the pin on the 
Side opposite the light’ source. The chart should 
be held with the Big Dipper to the observer's right 
Ore Polaris. ! 
E. One-half ’rotation of the globe is required. 


tHeerprevat.ons 


SL Welve SOULS would be nequired Tor this amount of 


rOGatLOn. 

Teele vo On LOngece “MLdni ght, but, Unoon' for che 
observer. This can be deduced from the observer pin being 
on the side of the globe facing the light source. 


PaoceduisesmUcOmemauecd) 


elise involves=movang the “light source" around to 


the opposite side of the globe. 
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Interpretations 


6. The relative positions of sun and earth change by 


ieoas| ElmvewUinic aie) Sso< TloOmclas « 


7. Model 2 was represented. 


8. Neither Model 1 nor Model 3 would account for the 
half rotation of the Big Dipper as seen at midnight om caces 
six months apart. Students should be encouraged to use their 


globes in verifying this answer. 


9. Model 2 is consistent with all the observations 


EUS faBemacde. 


PROBLEMS 


1. Students may propose a heliocentric model, one in 
which the earth moves around the suns (lasso, we leyanayvea ic 
problems in maintaining the direction of the globe's axis 
toward ‘the star chart. You should explain that, because ton 
the very large distances between the earth and the stars 
Pepresented by the chart, Tiere tease spo bets to cam ad 
POSITION or the entire Group. Of Starss she next. reading 


selection will present evidence favoring the heliocentric 





model over the geocentric model (Model 2) which has been 
SULOnNGes . enus ar. 
Students may propose still other models. These 


should be tested to find their strengths and weaknesses. 
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AN ARGUMENT FOR MOTION OF THE EARTH 


The next time you are riding in a car during a rainstorm, 
observe the front and back windows. While the car is stopped, 
drops will fall on the rear window and on the windshield at 
almost equal rates. Buteassthetcar moves forward, a greaver 
number of drops will hit the front windshield. Fewer drops 
will fall on the rear window. 

A similar sort.of “thing happens if yous,run’tprovdiaa 
rainstorm. More dropsiwill hit nen sronesofa you = laceeie 
back. 

A moving object (such asTyou or a car) (lends =coueuneanec 
drops which otherwise would have fallen in front of it. The 
moving object outruns drops tha might have hit 2csebac@wesur ace. 

Space areund the Bartiv has shiowess, -cOCl we ticeere reson 
rain showers but clouds of tiny particles moving at high speeds. 
If they enter the Earth's atmosphere, friction with the air 
heats them up and causes them to glow brightly. During day- 
light hours we cannot see the glow. But at night the sky is 
eccasionally pierced iby ajstreakeorwiignes) end venspobsesvereceays 
that he has seen a meteor. 

Imagine that Earth issspinningeconsits axisebutenocs moving 
through space. Occasionally ib ws Strucks bya showerlol mereors. 
The direction the partichess comes from siperedl ve aemesuit On 
the direction in which they were originally moving. As they 
come near Earth, gravity pulls them downwards. On the average, 
over a period of time, all sides of the Earth would be hit by 
about the same number of particles. 

During daylight hours you see few meteors. The meteors 
may be there, but the sun is so bright you cannot see them. 

When the spinning of the Earth carries you around into the 


night, you are able to see the meteors. If the Earth is not 


moving through space, you would be as likely to see meteors 


Just eiteredarkSastateany otherftime ofinightiy (Piguresi3.6) 





sunrise» 






sun light——*| noon particle direction 


sunset 


Figure 3.6. Particle shower striking a non-moving Earth. 


NOW= suppose the Barth is moving throughs space as it) Spins. 
When it happens to® runvainto a’ shower!lof? particles, more of ‘the 
pasuveless Well Sctrake: ties "Pronc! tsrde Of thelbarth. this ws 
Similar to larger numbers of raindrops hitting the front side 


Gfvarmoving car. (Figure 3,7) 


a alli 








sunrise ee 






sun light—*— _ {noon OB ; 





sunset: 
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\ mike t ana _——————— 
\ pia. = / 
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direction of earth motion 


Figure 3.7. Particle shower striking a moving Earth. 


68 


On Earth, which actually happens? , Are meteors seen in 
equal’ numbers all during the night?s Or tsatheresax’fronce™ 
side to the Earth, making it more likely to see meteors when 
VOU ire On sthaberae , 

Persons who spend a lot of time looking at the night sky 
observe more meteors between midnight and sunrise than between 
sunset and midnight. In the hour before Sunrise, about four 
times as many meteors are seen as in the hour following sunset. 
This suggests that the Earth is moving and tells something 
about the direction of motion. Apparently the Earth is moving 
in such a way that sunrise is always on the front side. 

Because meteors are most frequently seen just before 
sunrise does not "prove" that the Earth moves around the sun 
instead of the sun circling the Barth.) However .».'ityis good 
evidence supporting the earth-around-the-sun model. 

There are predictable times of the year when meteors are 
seen more often than’ at others... These,events. are called 
meteor showers. Dates for some of the best meteor showers are 


listed, ansmircgunet3 aor 


Figure 3.8. Table of meteor showers. 





NAME OF METEOR SHOWER DATE 
Omicron Draconids August 21-23 
Quadrantids October 2 
Giacobinids October” 9 
Orionids October 18-23 
Taurids October 31-November 6 
Leonids November 14-18 
Geminids December 10-13 
Quadrantids January 1-4 
Kappa Cygnids Janet yan 
Lyrids April 19-23 
May Aquarids May 1-6 
Eta Pegasids May 30 
Alpha Cygnids July 14 


Perseids August 10-14 
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PROBLEMS 


LT. Describe a model that would explain the regular and 


predictable occurrence of meteor showers. 


2. Are any of the three models tested in this section 





Similar to your model? 
8. JeDesigniaxtprogram of Yobservations thatawould ‘either 
SUPPOLtTAOrscontradict thesstatemenh thak meteors -areoseen 


more frequently after midnight than before midnight. 


4. Test the program prepared for Problem 3. 


69a 


TEACHER 
MATERIAL 


AN ARGUMENT FOR MOTION OF THE EARTH 


The changing length of days; shadows cast by the sun at different 
times of day and many other observations can just as easily be 
explained with a geocentric (earth-centered) model as with a 
heliocentric (sun-centered) one. Yet the geocentric notion 

has been replaced--and with good reason. Our purpose in not 
presenting the reason to students is*that itvmay notsebe- as 
"good"--from their point of view--as some writers assume. The 
reasons are "good" if students are familiar with the work of 
Newton, the» principlesiof Gravatationaisettmaction, sandgthe 


apparent motions of planets in the sky. 


You could easily tell ithe ‘students sor Newton erworlk. = Bue 
you could not, without devoting some time to the subject, give 
them first-hand evidence upon which to base a belief that the 
earth moves around the sun. The truth of Newton's Law of 
Gravitation can be discovered and understood by students; but 
leading them to the understanding is worthy of more time than 
Canmbe, al lerred see eSomcOlilce. 

Only an unusually observant student would have previously 
noted that the frequency of meteor fall varies between evening 
and morning. However, the observation is easily within the 
Capabilities of most students and when properly analyzed, supports 


a model in which the earth moves around the sun. 


The names of most meteor showers are related to the 


radiants for the showers. In the case of the Leonids, for example, 





most of the meteors will appear to be moving away (radiating) 
from the constellation Leo. In the case of the Perseids, most 
will appear to be radiating from a point in the vicinity of the 


constellation Perseus. 
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Problems 
1. A commonly accepted model is that the particles making 


up a particular shower are moving in a well defined path around 


the sun. At regular intervals the earth passes through one of 





these paths. See Figure T-3.6. Other theories may be presented. 


Each should be judged on its own merit. 


~ 
See) 
Sa 
SoD 
SS Or 
sun Be ‘Op. 





Figure T-3.6. Model of a meteor shower. 


2. Answers will vary depending on the students! models. 
In discussing student responses you might point out that it is 
desirable to design models that can be tested. This is also an 
opportunity to emphasize that the strength of a model depends 
upon the number of apparently unrelated events that can be 


explained by its use. 


3. From the list in Figure 3.8 a student might select 
an evening when a good show of meteors can be expected. From 
the listing of sunset times and sunrise times given in many 
local newspapers, he could establish a thirty-minute observation 
period shortly after dark and another shortly before dawn. 
During these periods he would pay close attention to the sky, 


keeping a record of the number of meteors seen. 
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The project might be shared by two or more students. 
Dividing the sky in such a way that each meteor is counted 
by only one observer may take some practice. Take into account 
the need for good deck-chairs from which to observe, proper 
clothing, an unobstructed viewpoint (away from bright lights, 


tall buildings, trees, etc.). 


A. Whether oP nou the sesubes sup porurOu ee rUre sete 
expected observation (a higher frequency in the pre-dawn period) 
students should recognize that one or two observational periods 
provide a@ rather*scanty basis*for generalizarion. 

Students who like to "camp out" during the summer may 


be encouraged to take advantage of this pastime to make more 





extensive observations. 
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SUMMARY AND DIRECTION 


Over the past several weeks you have considered a number of 
ideas about the Barth,and the Sun. You have obseuved shadows 
and stars. In the classroom, youshave ised: aiclobestomnelpnyov 
to interpret your observations. 

Single facts may be interesting. But groups of relared 
facts often make more sense than single bits of information. 
Also, it is easier to remember things, that are related) to ,one 
another. It is our hope that. the investigations andy reading 
material have helped you to fit ideas and facts together. 

But why learn these things in the first place? jWhat 
difference does it make whether or not the Earth rotates? 

Maybe you just happen to like to learn things about your 
planet. Perhaps you don't care. In either case, you are going 
to be asked to try to understand a possible reason for learning 
the Sorts of Ehingsmewiwen sneves beens presciced. 

This reason for learning might be called "appreciation." 
It is not a thing that can be tested) [esis very personal. 

It is the way you feel about things. Here is an example: 

In Investigation 2.3 you used a globe to represent a 
rotating planet. You saw that if the globe was turned in the 
proper direction, the light source would "rise" in the east. 
After reaching a high point, thetlight source swouldyceetinemana 
then disappear in the west. 

Pérhaps you said to yourself, “That's someching Come encmyeu. 
it the Barth is CUurning@inmthisedi rection. md carcCCoul Gamo rm aus 
movement of the sun across the sky. I'd better remember that. 
Lt might answer a test question." Spice tnerewerero sicusuood 
reasons for remembering things. 

You won't be tested on whether or not you learn from the 
activities suggested below. You won't even be tested on whether 
CEBNOUNy OU Eins 

Sit alone and watch a sunset. (Caution: Avoid looking 


directly at the sun, even with sun glasses.) As the sun goes 


a: 


down ,stryecO Coink of the distant, western. horizon rising. 
DittirerOoryoursell, "The sun 1s not dropping. The earth roils 
and carries me away from it.' 

Or watch as the sun comes up. Think, "That happens because 
Eavewn Grveypbarth, with me upon it, turns silently in space." 

If you see a meteor in the morning sky, think, "Yes it was 
Beglingectowaerd Marth. § Burewalso the earth ran into it while 
moving along through space." If you see a meteor in the evening 
sky, think, "What a fast meteor to have overtaken us!" 

Looking through tree leaves or power lines, watch the stars 
move slowly. Know that the lines or leaves are moving. 

Stare at a shadow long enough to see it creep across the 
pavement. The shadow is stationary and the Earth rolls beneath 
aieys 

Perhaps among such moments of new awareness you will find 


a reason for Earth Science. 
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TEACHER 
MATERIAL 





Section Four: 


Where You Are 


PREVIEW 


In section One of the course students became aware of the 
Peoolemmor describing a specific Location om a globe in 
bere wiweh could be understood by others. The general 


solution is to establish a reference system and then describe 





pmoameiecilar Locabion if terms Gf Lhis system. 





imo ce LOM hWOmS EtG SMe sm@ Olea eine cana @isin che 1 On masa Om 





gnomons, interpreted with the aid of indoor gnomons, which 
indicated that they were located between pole and equator 


Semetemeteu. so eceIlOMm FOUL, reLUrme, TO LNs. cucse Lom OF 





location with a description of the system of longitude and 


tte cuUCemWwiiichurles COMmmolly Used BOL £enenemce and proceeds 











Wincle®, Pet iiaSsnesiore Git Sairliegc ESseimaces ce loceicicme. 








toivestiigacion 4:1 deccribes tie aestrolabe, a simple 
iivscrument which can be used to measure latitude and to 


determine heights of objects. 





Determination of longitude is more complex than finding 


latitude. Necessary background material related to time is 





peesenced, in text form. This is followed by Investigation 4.2, 





im Which Students use gnomon records to determine their 


longitude. 


hey Ae 


sc y3 mabe " 






strpied opie 


ngitsn bin ots 
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Section Four: 


Where You Are 


Bole SeloHinG A REP ERENCES SYSTEM 





Barlier in the course you were presented with the problem 

of telling someone "where you are." Later you found ways to 
establish models describing where the earth is in relation 
COMGhemsli rand esome olLhéer Wvisible stars. § You ican also 

describe a location on earth with reference to the north 
endmoouri DOlSSs and thesequator. But to describe che location 
ODE Vere lois Ol) CarliimOre wp aeCuseLy, a MOremcomp leue Terereice 
system is needed. A place on the earth is often located by 
Stactig@reoe one weude and latitude. Using tite longitude- 
lapLeudesrererence system aliiows Us to describe Vocations 


Once Wewed sul mecU moma we ct ly. 


Latitude 


Ins Pioure, 4, | a tection of Ene Globe has been removed so that 





you can see how angles are measured at its center. The 
equator circles the globe midway between the poles. The 
equator has a latitude of 0° (gero) and is used as a reference 
line for describing latitude. Line A extends from the earth's 
center to the equator. Suppose you used a protractor to draw 
Line B 20° above the first line. Line B would reach the 


surface of the earth at a latitude of 20°. If ERCOuUC I thie 
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point you drew a circle parallel to Une eclarcm wavy aor 
on the dine would be 20° north of the equator, of simply: 
latitude 200N- 

Of course a circle of latitude 20° could also be drawn 
south of the equator. This Latitude Line is) caltledeiarruce 
20 Sr 


north pole north pole 





pole south pole 


Pigures4jde Figure 4.2. 


InsPigure 4. 2-angies oF 20) Nn 40°N, and 60°N have been 


laid-out and the corresponding circles Yor vlacwi tude added. 
PROBLEMS 

L., What Ls che gletstude on ene NORcmm ere. 

2. Do two circles of latitude ever touch? 

3. ‘On thé “surface of “the 4arch, Vibwiavabout se (200 


miles from the equator to the north -or soutn pole. How mary 


miles separate two points that are iS6f latidude apart? 


4. Refer to Figure 4.3. 
Madrid 
Dakar 
Capetown 


Bombay 


Figure 4.3. 
AO gN sued ON sa Ome OaS.s 


What -ts.the latitude of: 
Kiev 

Baghdad 

Addis Ababa 


Tananarive 





Tananarive 





The circles of latitude are, from top to bottom, 


ie 
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Longitude 


In setting up &@ system of Vlactemdes you sear tileomec a tOuma. 





the starting point. lLonguwcude Grs™measuUred east ames ma fom 





a line of 0° longitude. / 





The line of 0° longitude is a half circle that extends 
from the North Pole through Greenwich (gren itch), England, 
to the South Pole. Any other pole-to-pole line could have 
been selected, but the English were pioneers in modern map- 
making and astronomy. A line,of longitudesls often icalted 
a meridian, (mur id ee en), and the meridian through Greenwich 
is known as the prime (om zero) menidi#ank 

Lo lay out -a Certain meridian, yousstartl somewnarme- 
you didsin setting up lines or letri tude. | In tours tae 
angle 20° to the west of the zero meridian has been laid out. 
Notice Ufat thas meridian, ise atie  Z2eroumeridiain = pacces 
from pole tom pede. "Any point jon thas meridian is said geome 


O 


at longitude 20°W. Pigure 4.5 shows) three meridians, yz oeG 


and 20°E. 


north pole north pole 






longitude 20° w 








south pole south pole 


Figure 4.4, Figure 4.5. 
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The distance between two lines of latitude is always the 
Sone. tits 15 nOotethe Case with lines of longitude. Lines 
of longitude are most widely separated at the equator. The 


distance between them decreases as they extend north or 





south from the equator. 
PROBLEMS 


1. At. the,equator the circumference of the earth is 
Boome OCOnmI es. ~Wiablic the dastance, in miles between 


two meridians that are one degree apart? 


2.- What is the distance between the same two meridians 
at the North Pole? 


5. ‘Ihe Greatest tongitude west of Greenwich is expressed 
as longitude 180°W. Suppose a traveler went from longitude 
O° westward to longitude 180°W and then continued in the same 
direction for another ten degrees. What would be the longitude 


Seis Ost bLornl.: 


4. Can any two points have exactly the same longitude 


and the same latitude? 
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TEACHER 
MATERIAL 


ESTABLISHING A REPERENCE “SYSTEM 


With a little practice, students should be able to measure 
the longitude and latitude of locations on a globe. Ay large 
world globe should be useful in illustrating the systems. 

In Investigations 4.1 and 4.2 students will be asked to find 
the longitude and latitude of their location=* “Avoid speciitic¢ 
consideration of the longitude and latitude of your location 


ave wAwSs seimMe> 


Latitude 


PROBLEMS 


1. The North Pole is located at 90°N. 


De Clreles Oi lak EUde Ine Viean cOUC hewn LO lsge gel Smnaa a sore 








they are often referred to as parallels. 


3. 6,200 miles (distance from the equator to either 
pole) divided by 90° = 69 miles per degree. 


4. “Mad da-- 940 1 Kiev -- 50°N 
Dakarie--i15 N Baghdad -- 33°N 
Capetown -- BAS Addis Ababa -- 9°N 
Bombay -- 19°N Tananarive -- 18°s 


We have intentionally selected a portion or the 
earth that,does not include North America. {hus yy uniesssa 
student has taken the initaative stor time gd sowie ote 
(from a globe or atlas), he will not be biased when determining 


his own latitude in a later investigation. 
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Longitude 


PROBLEMS 


1. The distance is the same as between two adjacent 


Vines of latitude, or about’ 69 miles per degree and may be 





found by dividing the circumference at the equator by 360°. 


2.) Ihevre is mo separation; all meridians meet at that 


(OMENS A 


3. Once the traveler-passed the 180th meridian he would 


be approaching Greenwich. His longitude would be 170°E. 


4. No two points can have exactly the same longitude and 
L&Eeeuce, Was 1S Ome Oi EMS Matin Coasiderzaeioag wa escaloliehca 


mIGeesvyecem for describing locations. 


NOTH == laeyou Simtend having s’svudents plot “locations of 
CabuUnduake eEpicenlers as reported by BooA, you May wish) to 
imtroduce Whe exercise as “practice in longitude and latitude." 
A mercatoryprojection map of the world can be pinnedutola 
bulletin board and epicenter locations marked with small 
dozeroOLee nonce inig Per. —'beatdes Galmimg practice iT working 
Wile Cecmeiprec M™mocOoonalnares, sseuConts siolid RNOLlece Very 
SOom that ilite -eprcerter =Locatzons form ar pattern. ~The dots 
Wi ebesclustered along imargiiis "Or tie -Paciimc Ocean arid 
across the Himalaya to the Mediterranean. Encourage specula- 
Cheol ecilom i> MiCo EOS On gue paeuLeriy, but withhold’ derinite 
Stacemenes Concerning it until students’ have considered 
Section Ten of the course. The map can be left up or--if 
interest wanes--stored for review during the selections on 
earthquakes and sea-floor spreading, in which the significance 


Sie ctiicw pal terieus Drought out. 
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INVESTIGATION 4.1: Determining Your Latitude 


In previous material you have learned the meaning of latitude. 
You are now ready to measure the latitude of your location 


OMurSeliaie ire 


Materials 


Cardboard 20em ex, 200m 
Deeg 

PrOteraccen 

Weight 

DELSsSoLs 

Stapler 


Metric ruler 


If you wish to tell Ssomecte Cine Wecarilen Or tem scs ema eu 
must give him a compass direction (azimuth, refer to Investi- 
gation 1.2) and the altitude (angle above the horizon) of 
your line of sight. The next procedures may help you to 
understand that the altitude of Polaris, -nas.a pspectal signi fig 


Cameéers 


Procedures 


A. » Copy Figure 4.6 in your notebook. Look wat saGgure so 7. 
in, this! diagram horizontal Lines; and,-Lines, of cea diag 
to Polaris are,.drawm for four -observers,.. Use your 
protractor to measure the angle near the center of 
the earth that will describe the latitude of each 
observer. Enter the latitude of each observer in 


the..firs&, column’ off Figure 426.1 your notebooks. 


132 


OBSERVER LATITUDE ALTITUDES OF POLARIS 


Figure 4.6. 


HL WT] pT Hr 


+ II 


to polaris 


oe 

Zf 
es 

ont SS 


Figure 4.7. Diagram for Procedures A and B. 


USesyour protractor to measure the angle between,a 
horizontal line and the line of sight to Polaris 
for each of the four observers. Enter these angles 


in the second column of your Copy of Figure 4.6. 
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Interpretations 


ih 


How do the angles in the second column compare with 


the angles in, the first column? 


Procedures (continued) 


Gr 


In this precdure you willl construct en insturnene 
called an astrolabe (as tro layb). It can be used 
to measure vertical angles. 

Using a straight edge, draw a dinersacrosememce 
cardboard. Near the middle of the line make an 
index mark with a pencil (Figure 4.8a). 

Use SCISSOYFS to) GUL_Aaatrmencgular notCchmatuecac? 
end of the line as shown. The notches should be 
about 1.Ocm deep. 

Ten cm from each of the upper corners of the 
cardboard make a cutltwo cipitong. "Fold ciemeand— 
board as shown. 

Placéeha protractor yon senew cardboard eases no wineam 
Figure 4.8b, and caréfubly\mark off degrees. (Make 
each five-degreé and téri-degree mark as shown in 
Figure 4.8c. (Do not copy the degree marks shown 
on the original protractor. Mark the degrees as 
illustrated .) 

Place the string over thecimdex tmark we Useue 
staple to fasten the string at the index mark. Use 
a second staple for extra strength. Tie the weight 
low enough on the string to let it swing free of 
the snserument. 


The astrolabe is completed and can be used to 





measure the altitudes of stars. 


Figures 4.8a, 4.8b. 


TTY TPT NTE UU Ty 
by 
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Figure 4 


NOTE: 


7 OC. 


The following procedures will have 


in the evening. 


EOD er COC ome 


To measure the altitude (angle up from the horizon) 


of Polaris hold the astrolabe as 
in the evening, saceu Polar woman 
of the astrolabe until syvousstonL 
notches. When you do, press the 


cardboard, and read the angle at 


shown in Figure 4.9. 
raise the far end 
Polaris throughmence 
string against the 


Wwinsse ueieeeda@\c co! 


the scale. This angle 2s the altitude of sPolamiuce 
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Figure 4.9. Using an astrolabe. 


Boe bake wyoursastrolabe Nome sronight and, measure your 
latitude. 


Interpretations 


2. What 1S your measurement for the latitude of your 


home? 


3. What is the average of the values obtained by your 


eilarsign, 


4s What latitude for your Pecation isvgqiven"’oh maps? 
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TEACHER 
MATERIAL 


INVESTIGATION 4.1: Determining Your Latitude 


Materials 


The astrolabes prepared in this investigation can also 


be used in Investigation 5.3. 


Procedures 


A. See Figure T-4.1 below. 


ORSERVER AUTETUDE OF POLARIS 
<r 


Figure T-4.1. 


B. See Figure T-4.2. Data are shown in Figure T-4.1. 


to Polaris 






horizontal line 


equator 


Figure T-4.2. One method for measuring 


the altitude of Polaris. 
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Interpretations 


Ti. ew nerangles ave equal.) The alt@tude of Polaris is 
equal to the latitude. Within a degree or two the values 
recorded in he two jcolumms should agree.,. It would be 
better to allow students a little leeway here than to make 
them feel that they had better "fudge" answers in order to 
get senem “iriver.” 


Procedures (continued) 


C.-) Make sUire the string is attached) to the cardboard 
at the center of the reference line and not above 
or below it. You may allow students to attach a 
protractor directly (with transparent tape) to the 
Gardbeard Eo eave time. Thiaihowever may result in 
toss got they prouractor, andvie "ties) up"a number 
ef them which may be ineeded for following investi- 
Gaetens. Also istudents wills have to count the 


number of’degrees as if 90-10. 
Ds-E.)| No comment. 
Interpretations 


2. | Answers-—will vary dependine=upon your location and 
the Carel students exercise ain the activity. It might be 
well to talk to students ahead of time about the amount of 
accuracy expected. Some students would probably be disappointed 
it) they missedythe "correct" UWatitude by one degree. Actually, 
coming within five degrees is satisfactory. See Figure T-4.3 


LOM wEuUdesmot wOGadeELons sum the United Stakes and Canada: 
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3. The benefit of averaging results should be pointed 





CUENLO Students PE Vousdi scuss this park of Che anvestigation. 
POR evem, ecucden a Wwhiosmacdepoamteenron si monerdirection there 


is likely to be another student who made a compensating error. 


As Lhemahewer depends ,onsyourg Vocation. = Polaris -is 
not located exactly at the celestial pole but moves around 
it at wn angle sof about one idegree. Nojallowance ais made 


fOr Chis. ands you) should .notlexpect elie yaniswers sco come 





closer than two degrees to the map value, even for the 


averaged result. 
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LONGITUDE AND TIME ZONES 


As the Earth rotates the sun appears to move across the sky. 
At one instant of time in each day tthe sun ail be Mdirecsiy 
south of you. This 1nstaneisicalled noon ver ecun-noon. 
Before this time the sun will be to the east; after this time 
it will be to the west. 

Everyone who lives along one meridian of longitude will 
experience noon at exactly the same instant. Those who are 
farther to the east will experience noon earlier; those ite 
the west will experience noon later. 

Our clocks are setiso that noon willpoccurctateavour 
l2 o'clock. But if the people mint eacie locatr Ong emma Gcuna 
clocks to read 12 o'clock when the sun passed to the south 
of them, there would be a gréat deal sof iconsusion- Wien wat 
was 12 o'clock in your area, neighboring towns to the east 
and west would have their clocks and watches set for other 
times. It would be very difficult to arrive at any place 
at the correct: time @ And Wf your watch seen) down, s yous cou lc 
not use a time signal from the radio to re-set it. 

When North America was first being settled, each local 
area had its own time. Persons who traveled had the most 
difficulty. Railroads kept their own time and ignored local 
systems. The following was printed in the Chicago Daily News, 
weprember 295, 1946. 


"Before 1883 there were nearly 100 different 
time zones in the United States. It wasn't 
until Nowember 1S of sthat yecare that. | ..me 
system of standard time was adopted here and 
in Canada. Before then there was nothing but 
local jor ‘solar’ times.) i.) ThesPennicylvoni. 
Railroad in the East used Philadelphia time, 


which was five minutes slower than New York 
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time and five minutes faster than Baltimore 
time. The Baltimore and Ohio used Baltimore 
Eine Ok Serains Luniing cutter baltamore; 
Columbus time for Ohio, Vincennes (Indiana) 
cims Tor -those goineg"eut -oPrcaiciniatiwy™. °. 
When it ‘wes noon in Chkcago f-i1t “was F223) 

im Pittspuegh; 2:24 immeieveland: 1 2ery in 
Toledoy (b2413 ine inefnnatis <12309 "in 
Louisville; 12:07 in Enidianapolis's: M's50 

Pe oes OUTS. Lis in Dubugues: i: 3o an 

ete Pauls and 1i:27" in Omaha.~ There were 
Pielocal same zZOnesean Michigan alone’... 
AS person traveling from Eastport, Maine, 

to San Francisco, if he wanted. always to 
Vaviemeric Iighitrealunoedseime And get off at 
PEnMescLGht place wiad to twist the mands tof 


ES Waaei sO meine s ten Ounce 


Since 1883 the system of "standard" time has been used 
in North America.’ Time zones run north and south on the 
etove ws) Within a Edmewzone all clecksS ave set Glake. People 
who travel change their timepieces only when they enter a 
different time zone. 

Une” wWihdGh Jor seime zones” is"asresult» of) our system of 
time and longitude. The earth completes one rotation every 
24 NoUrs Ake F rom cast Cofwest it is divided into 360 méridians, 
OP d6Ggr Ses ee Miescege, pitirone house che learth rotates through 
15° (360°+ 24). The sun is 15° farther west each hour; and 
time zones are 15° wide. Thus noon in the center of one time 
zones is one hour later than noon in the center of the next 
zone to the east. Longitude at the approximate center of 
each time zone in North America is listed in Figure 4.10 and 


shown on the map (Figure 4.11). 
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Figure 4.10. 


180° 


cs) 
8 


cS 
oS 


150° 


Figure 4.11. 





Atlantic Standard Time 
Eastern Standard Time 
Central Standard Time 
Mountain Standard Time 
Pacific Standard Time 

Yukon Standard Time 
Alaska-Hawaii Standard Time 


Bering Standard Time 


, Bering 7 
5 Z 
Time 42 3 

f 


135° 120° 


Time zones in North America. 


60° 
Moe 
9.02 
LOS A 
L20e 
L358 
L502 
65s 


Longitudes of the central meridians of some time zones. 
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VARYING NOON 


It is fairly easy to see that two people located on different 
meridians will experience sun-noon at different clock times. 
One might think that on a given meridian, sun-noon should 
©€CursatL tie seme clock stime, day after day--but.this not 
always is the case. Careful observations have shown that 
from day to day, sun-noon may occur at different clock times 
on the, same meridian! _.For.example,. along .the central meridian 
of the Mountain Time zone (105°W) on the first of September, 
sun-noon occurs at 12:00 o'clock. On September 20th, however, 
Seun=Noom OCCURS ot. b2:05, 0! clocks... On October .20bh sit, occurs 
ac 12214. 

THe srcason Ssun-noon docsenot .occur at, regulaxc .24<hour 
intervals is because the earth moves around the sun a little 
Sloveteti summer tiene bathe winter... This effect is described 
ioe Chang speed hs Figure “Zo? shows che time .cercections 


that allow for changes in speed. 


TIMB CORRECTION IN MINUTES 


| -4]-13] }-13| -5| } +3] | +8 +25 | +14 
pape [aap [= [als [aes 


Figure 4.12. Table of time corrections. Plus (+) means add 
the number of minutes to clock time. Minus (-) 
means subtract the amount from clock time. 


Date of 
Month 
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CHANGING SPEED (OPTIONAL) 


How much time passes rrom icon sof vone day till noon tie nexe: 


About ~24 "hours, "Of 1cOUBge see SUleNOtL Ce Tile amour. 





accurate clock will show thaterrom™=sum-noomtor one cay tier 


Sun-noon “the Next 2s NOerexmacrl yee. NOuUrs Dyeete clocc 





During Certain Seasons "Orr tnesvyear Ehe Sun aselaggqing Denim 
the clock; abl other cimess TE caveiess UDTald gers Sanead oF 
the’ clock. This Suggests thatthe Earth doesonot traveieac 
a constant speed around the sun. 

Look at. Pagure 4o ioe” Dias “dtegram Ssiows i pletoe mo vads 
around the sun “ama “crrcular" orbit at a steady "speca. 

It takes the same length of time for the planet to move 
trom A to "Bas frome cto Cy Sew 2D iOS es ar ClOC amr LO 
Eck off 24 hours while “the volaneo moves rt com com n-ne 


person at point xX on the planet rides all -the way eround ves 





the planet turns “erom Xx to xs) during thas 24 nours.. slwemc 








four hours of clock time will pass between noon of one day 


AME, MOOM O72 relae Mexce. 


E 
x4 


x3 
xl \B 


Figure 4.13. ix 
> ea? 
AS : 


C 
x2 











a 


A 
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iWeney- reve inoue eter he dane ti wil yebe abic, swith 
the person at xe Again he will observe the sun directly 
overhead. 

Noetce that the planet has! otated a lrttle more than 
360° from noon to noon. In the example (Figure 4.13), the 
planet rotates 390° in 24 hours. Use a protractor EO check 
EiSerie VOuU was. 

The same amount of time goes by and the planet moves 
Ene sene distance trom CyroeD, eDrto EB, and so om. The planet 
Nasa very snore year (only 12 days), but this does not affect 
the argument. 

Now imagine that the observer's planet moves more 
Papsdiyvaround the sum, but rotates at the’ same rate--390° 
ime Ueheurs “Pacqure. 4.14) .- instead of meving from D»to E 
fiw ete hours it Movies _clear.over, to i.) “Here, 390° of rotation 
ise Noe enougie to Dring the sunvdivectly overhead at mee The 
observer has two choices: 1) He can slow his clock down so 
EN Gee Ours Of the new, longer “hours” will bring the sun 
@vVernesd. 2))He can fét his clock rum at the same speed and 


Say that sun-noon’ isa little Pate. 





Figure 4.14. A planet moving faster. {} 


Here on Earth we have a similar problem. In winter the 


earth moves a little more rapidly around the sun than it does 


in summer. This is because the Garth's orbit #5 notha pemtece 


circle, but an ellipse (Figure 4.15). 


Figure 4.15. An ellipse, or regular oval. 


On Earth, i is customary to, LeprctoOcr Ser Uiite team ceo 
speed all year round. As a result, scun-noon may, di fren es arom 
clock-noon. The greatest difference is fifteen minutes, 
occurring in February and again in November. 

in your notebook, look at’ your earlier gnomom record 
(Irivestigation 2.1). Did sunsnoon cccur Justpeat 2 elelocu, 
ff not, part of the reasonymay be the resudugor the seckangang 


speed of the earth in orbit. The rest of the reason results 





from the fact that relatively few people live on one of the 


time zone meridians. 


PROBLEM 


Imagine a planet that is stationary but spinning on 
its axis. Draw a diagram showing the sun moving around 
the planet, and show how the length of day would change if 


the sun speeds up or slows down. 
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TEACHER ~ 
MATERIAL 


LONGITUDE AND TIME ZONES 


No comment. 


VARYING NOON 


some Students may Find it ~ditficult to follow the geometric 
analysis. Nevertheless, they should understand that the 

earth does speed up and slow down as it moves around the sun. 

The reading material should provide the background for 
ProcedureB and Interpretations 2 through 4 of Investigation 4.2. 
Por students to find their longitude, corrections must be made 


for the cumulative effect of these changes in speed. 


CHANGING SPEED (OPTIONAL) 
PROBLEM 


One -solutioneis shown) in*Figure T-4.4.0 The planet °is 
StatloveayeouULeSspinnindgseeia the vime moitakestronrene 
planet to spin through 390° (one complete rotation plus 
30°) its sun has moved from POSLeLOneo- COmes enti wObSemvienr 
on the planet at X would have rotated completely around 
once and then to fer. This would be just enough so that the 


observer would again be experiencing noon. 
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planet 





Figure T-4.4. Diagram for problem. oO 
oa 


In Figure T-4.4, Position E shows what happens if the 





sun Orbits more wapidly..” “Im the eimey required tor une 


planet to spinethrough 390° (from ne EO Nea the star has 


speeded up and moved from D to E. Thus it is not overhead 


24 hours later aiwhengenesevsenvesmiis auGy Mme tenobse. ce 


Will notice that (sun=noorm ishatiitethentlate hom srnrenday. 


The opposite effect occurs if the sun slows down; sun-noon 


will then be a little early on succeeding days. 


TN VESrICAT ION 4.23" Finding Your Longitude 





Ae 


in tne tast investigation you made a measurement of latitude 


at your location. Now you will measure your longitude. This 


Le somewhat more complicated than finding latitude. Histori- 





Cally, navigators knew .how to find latitude many years before 





a system was developed for determining longitude. 


Materials (per team) 


Gnomon board 
Protea c bor 
Drafting compass 
Centimeter rule 


GiOCkae Olen Wee in 


Procedures 


A. Make a new gnomon record following the procedures 


described! in Investigation 2.1. Make all 


observa- 


tions with care, especially those regarding time. 


Interpretations 


Toe caw olatm clock time Gud; moon Ce€Ccur on your 


meridian 


(what time was the sun directly south of you)? See Investi- 


Caucus 2 fOr edetal ls Of analyzing your Gnomon record. 


Procedures (continued) 


Bay binds the correctionsto be applied to the time you 


debermined £or Interpretation 1. (See Figure 4.12) 
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Interpretations 


2. What is the proper Correction, In Mijtiec.m  oceen= 


date of the gnomon record? 


2. SHOU eh ComBeG tr loMm ocma GG ecm OmOlemrsll a ieteaianae cl 


from the clock time of Interpretation 1? 


4. At what corrected times did tthe sun pass voversyour 


meridian? 


5S. Remember that the sun seems to move at a rate of 
one degree every four minutes. What) 1s the ditterence mmm 
minutes, when 12:00 o'clock is subtracted from your response 
to Interpretation 4? 


6. How many degrees of longitude separate your meridian 


from the central meridian of your time) zone. 


7. The direction of the apparent motion OL ciemsuaei. 





from east to west. If the corrected time Ginteroreta: soa 
at which the sun passed your meridian is) betore 12-0000! clock. 
you are east of the time zone (central) meridian. If the sun 
bassed your meridian’ atter 12200) you eregwesl sO) st iewcenim as 
meridian. Determine whether your location is east or west 


of the central meridian of your time: zome. 


9. In which time zone are you located? (Refer to 
Brguce, 4.11.) 


IQ. What is vyourslongi tude? 


v3 


PROBLEM 


Check the date on which you first performed the 


investigation with the outdoor gnomon. Use Figure 4.12 








to find the time correction needed for that date. Repeat 





the steps of Investigation 4.2 using the data from your 
fires enomom trial. Compare the longitudes: found on those 


two dates. 
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TEACHER 
MATERIAL 


INVESTIGATION 4°23 SPindimGe Our bones. 


Materials 


No comment. 


Procedures 


A. if you do not wish to Nave the wnononss Otel aaa. 
at least try to have them out during the period 
11:00 a.m. to L300 p.m. standards time.  . ints 
give sufficient data from which to determine longitude. 
Leaving the devices out longer (say from 9:00 a.m. 
till 3:00 p.m.) will produce records showing more 


apparent differences from earlier records. 


Interpretations 


1. Each team can make its own observations. Since there 
is a "right" answer for this investigation (the longitude as 
determined from a map of your area), teams may enjoy the 
competition. On the other hand, since the procedures involved 
in working through the data are rather involved, you may wish 
to find an average value for the clock time of sun=-noon and 
have the entire class work through the procedures together, 


using the same figures. 


Procedures (Ccontintied) 


Bowe NOm Comment 
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interpretations 


2. Answers will vary. 
sample correction: A record made on October 15 showed 
ENS Siedow LimenGlosesuccOsthe Gnononebeli2: Osteo. ma, chockystime. 
From the table you can see that, the correction is about 13 


minutes. 


3. The answer depends on when the investigation is done. 


4... Answers will wary. For the sample, the sign of the 
Seorecccvones, Na soso OS plus 215 equals 12:16 pem., the 


corrected time at which the sun passed over the meridian. 


5. Answers will depend on the time of year and your 


BocCaeVOn ee POreLiC sanplercorreceion, L2:i6 — 12:00 =" 16 minutes. 


6. Answers will depend on your location. Every four 
minutes before or after 12 o'clock equals one degree of longitude 
away from the central meridian. For the example, 16 minutes 


4 minutes per degree = 4°. 


is Answers will depend on your Jocation. For the example, 
Ene COLEeECtTLON Was POSitive, and the location is theretore west 


of the central meridian of the time zone. 
8.-9. The answer depends on your location. 
Ome nemaneaweremcepends on your tocation. —For the l sample 


data, assume you are in the Eastern Time Zone. Therefore, 


75°W Longitude + 4° = 79°W. 
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Problem 


This may be used as’ an optional activity vf time’ is short. 
Lf the problem ais assigned, ‘provide students wireh "ene eime 
correction, and tell):them whether to-add or=subtrace. ‘The 
time zone and its meridian and the longitude of your location 
should not be different. 


The accuracy of the longitude found can be checked 
against a@mape “ASdeqree OF SOMO" CLrOr We Or Utitcery. 
given this equipment. At Lat 30°N a degree corresponds to 


Ol melessira cemat 35°N, Spe ita Ves + ava aiaeema € A0°N, Syleeilale Wy =. 
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Section Five: 


Describing Things with Numbers 


PREVIEW 


in Investigations 1.1 and 1.2° students became familiar with 
PEOCrTacCLOee and anculam measurement an* order to déeal- with 
the concepts involved in the subsequent sections. 

Pita ly ee ocCe lon £1Ve-provices students with concepts 
and techniques which will be required in later parts of the 
course. Although measurement is an interesting subject in 
eset eto UU) Ss Oc eCelL ia tovedrtn science, and “Enrs 
section should be treated as briefly as is consistent with 
student background. 

ihe foiest selection im the section, Describing Things 


With Numbers, defines measurement and suggests the need for 





io dee Poet Ollowed Dy all tnVescioqatiom In wiich distances 
are estimated and one in which distances are measured. 
Following direct measurement of distances, students are 
ineroduced to trianguiation, a technique by which distances 
may be measured indirectly. Volume is considered next and, 
Pine wiiy, Censity. 

Conversions between metric and English systems should 
not be unduly emphasized. A student who can indicate with 
his hands the approximate length of a meter will be better 
equipped for later parts of the course than will one who can 
quote that "a meter is equal to 39.37 inches" without having 


a feel for the length of either unit. 
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Section Five: 


Describing Things with Numbers 


Words suciheseailargeieend Vemaii;! VWnotb',and:cold," oecur 
quite often in our speech and writing. This may be because 
the words are so very useful. It may also be due to the 

bace that they are very Gasy to apply. Consider the following 
conversation: 

IWaseLevaelarge dog of a small one?! 

Plawos sas Dig dogt!? 

The person describing the animal didn't need a measuring 
stick to decide that the dog was big. The person who asked 
Ene @UeSte LOM LOUnC. OUbatnaraticnanimalewas nobaa dachshund 
OF cChiheaunau. In size it was probably more like a collie 
or a shepherd. 

BUUNGeGE Cli DE GOnemenchioece Vbugtsands sme liv  canrshaye 
shortcomings. Their meanings may depend not only upon the 
experience of the person who uses the word, but also upon 
tie particular type Of object: being cescribed. 

Lenavolgeconiustonsover words such as “warm” and "cold," 


Cor ole ene stall, sClenL ious wOLuen Cesc ibe thangs wath 





numbers. Such descriptions are called measurements. In 
Litemssecriou you wlll £ind out something abouc the need for 
measurements. You will also find out ways in which certain 


types of measurements are made. 
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PROBLEMS FOR DISCUSSION 


1. In each of the tollowing short Conversations. ene 
people are disagreeing about a description. For each conver- 
sation try to suggest a reason for the confusion. Tiyeedesa 
to state whether the disagreement is due to different past 
experience jof fthe peopleWer wheter eitgia duchudl tie foejoer 


of the description. 


il "Gee, 15 Lt alweys thisvcold around, heres. 


"Cold? -This‘ais what I'décalll avreally warmeday it 


AG "It was absolutely huge. It must have weighed 
OVC momo @uiachial 
"I wouldn't call that’ very heavy. Il can Picees® 


pounds easily." 


ciate "A mile doesn't seem like a very long distance to 
mes! 


“Well, you just don't Know how Long a mite Cane bes! 


2. Measurement is not always desirable or necessary. 
Try to describe a situation in which you" think a description 


using words such as "large" or "cold" would be better than 





one which required the use of measurement. 
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TEA CHER 
MATERIAL 


DESCRIBING THINGS WITH NUMBERS 


The selection is designed to encourage speculation about the 


Pelirive Varves, Or cualitacive and qUentitative descriptions. 


PROBLEMS FOR DISCUSSION 


1. I - Students may suggest that the conversation could 
have taken place in a town in the far north where a person 


from a warmer area is visiting. The disagreement is probably 








que eo diiterences im experience of the speakers. Encourage 


Slveehare sOlULLONS by Students. 


th ie contusion Mere May ~esult from the fact that 





Bie TOO TeGueomerme CSSChiIpeion 16 not Known. Fifty pounds is 


OOET ang reau weight to lift, bue a one-pound ant or a one=pound 





Crameoncwwould be Considered “large.” “An element of experience 





is also suggested. The second speaker is referring to his 





oem eee aero rnc OOjvects, DULL Ele tirst speaker apparently 


CiCma se Mawe elas) chide «nakayel. 


Pri its GCisagreement could probably result from 
Spence On sete slggested Causes Of a Combination of both. The 
tiveemsPpediier May De acCCuSLTOMeCmeOmTo KIMomin tlat eGro um, 
While Suis second "ls. thinking Om hievexperiences in rugged, 
MOUMLeInous country. Perhaps the 2urst speakermis thinking 
of walking a mile while the second is thinking of swimming a 


similar distance. These would be pweimarily differences in 





Sxperwence. .Or Ene Speakers May semserom mig eco VenLirely 
aitferent subjects. if the fimsu speaker is fan astronomer 
eed Enemsecond a land SULVeyor facie wdcas, COncerming ‘an 


erron Of One Mile Could be quitesGimrerent. 
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2e.-A person rushing into a hardware store to tobtaiie 
rope to save a distressed swimmer would probably state his 
requirements as "strong" rather than attempting to define 
the required breaking strength of the cordage. 
A guest at dinner, asked whether he would prefer a 
large or small ‘portion, would generally do bettem tolvanewes 
in subjective terms than to state his preference in terms of 


calories (food value) or weights. 
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INVES PEGATION -Salce “sstimating Distances 


pometimes ta "sub jectuve word, such as "large," is as’ good as 
Of ever better than -a measurement. Such words’ canbe quickly 
and easily applied. Often they give all the information that 
is needed. 

Pit eOeMere  TiIMmesea Measurement, such as '32°mieles," as 
needed. 

As you may imagine, there are in-between situations. 
At such times, estimates may be of walue.’ In this’ investiga- 


tion you will practice estimating distances. 


Materials 


Notebook and pencil 


Procedures 


As Durine thesioocrstmmier Olympics an Mexico -City, 
Bob Beaman set a world record in the running long 
jump by jumping a distance of over 29 feet. Have 
one member of your team place two objects on the 
floor so they appear to be about this distance 
apart. Have other members of your team check the 


placement by pacing off the distance. 


LigeK6GRey Biodhe 

Bob Beamon, holder of the 
world record in the 
running long jump. 
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Draw two circles on your paper. One circle should 
be about the size of a nickel. This circle its s=- 
represent a basketball. Around it draw a second, 
larger circle to wsepreseniatae relative: size of 4 
basketball hoop. If a regulation basketball is 
nine inches in diameter, what is the diameter of 

a basketball hoop? 


Compare the results of these estimates with those 


made by other teams. 


Copy Figure 5.2 in yours motebook." Try jromcucs-. 
which of the pairs of limes in Figure 5-3 gameneored 
in length and ian which pairs one Dine ts) louges 

than the other. Do not.use a BUdemjor mnyoerener 
object--base your decision only on what you are able 


to see. Record your guess £0r Gach parr jormiemics 





in the chart. If yous think) ties lines. 10 gages 
are the same length, write "same" under line A 

and lane -B. @lfivjyou thanks one la netomcipes aie 
shorten, write, "short! mm one space. "ong eum cie 
other. When finished, compare your results with 


those of others in the class. 


Parimese Ores lainets Line A Line B 
ie 
ARIE 
a 


IV 


Figure 5.2. 
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Gras are 


=e 
is aes 


A B 


Figure 5.3. 


CUBS. LONn Ohe Drs CUSSLON 


Lo whys dos youLthink Screntists prefer not to estimate 


distances. 
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TEACHER 
MATERIAL 


INVESTIGATION 5.1: Estimating Distances 


We hope students will regard this investigation as an enjoyable 
exercise. Actually it is much more than that, since its leads 
slowly bUE  direchly imtoo eaccubate mMeastizement. eo le onmy ou 
should point out that before the invention of standard 
Measuringw devices SUCH asme  eUL er ame sUlBeiien tomy eam =i) 
inaccurate.» Perhaps tChetbest time to carer y aula claces 
discussion on ancient and modern methods of measurement is 


after they have completed this investigation. 


Materials 


Students should not be allowed to use a ruler until 
this investigation is completed. English-metric rulers should 
be available for use by students at the end of the investiga- 


tion and for use in Investigation 5.2. 


Procedures 


A. some students mey try tober "exaebinag ime eiew: 
measurements by placing One Loou directly ams 1 eons 
of the other so that their resulus will be reconced 
in terms of the length of their feet. }Others swiae 
use a "pace method," where a distance of approximately 
theee fecesisspaced ofi.geThis waddercecu le ome 
distance expressed in yards and the figures wild 
have to be divided by three to give the distances 
in feet. 

Students are most likely to underestimate the 
29-foot distance if the estimate is made inva small 
classroom. (Your classroom may not be 29 feet long.) 
People tend to overestimate distances outdoors. 


You may want to verify this by allowing some teams 
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to work outdoors on this procedure. Such estimates 
ere Usa lly biased by the surroundings. 

Another bias. has been introduced here. Many 
Pecpletare ap first reluctant to admit that anyone 
can actually jump a measured 29 feet. A student 
may Closely estimate 29 feet only to have others 


earque that No one Can possibly jump that far. Even 





atter pacing off the distance, some may be reluctant 
TOmeCCeCDE Ele estimarea: cistance. Ac. thas pointy you 
may want to hand out meter sticks for the students 


to verify their estimates. 


PVOwbascetoalis side by sade will almost fit through 
a basketball hoop at the same time. A regulation 
basketball 1s just over Nine inches im diameter 


while the hoop is 18 inches in diameter. 


YOU May Want tO discuss the topic of bias in measure- 


mene wach “che class ab this point. 


Student guesses are likely to vary since guessing 
distances here is intluenced by optical illusion. 


ihe, “corcrece™ chart should be similar to Figure T-5.1. 





Pairs of Lines Line A Line B 
a Shore (50mm) Long (53mm) 
aba Same Same 
mica a Same Same 


measured 
Ly os Shore a 50mm) Long. (oomm) Sa 
V Same Same Line 


connecting 
ends of arc 


Figure T-5.1. 
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Some students are likely to guess that both lines 
in I are equal because they have seen similar pairs 
of lines presented as “optical illusions.” After 
student results have been compared they should be 
asked to check their results with a ruler. The 
next investigation introduces use of the metric 


system of distance measurement. 


QUESTION FOR] Discuss lON 


1. See teacher material above. 


fal ls I He cabisstet ; 
i sthahisl "I dust ull } hii HT HT Hi q Hi 
a 


iy fae aut gs 
a 


pat 
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INVESTIGATION 5.2: Measuring Distance Direcely 


So far in your life you may have used only the English system 





of measurement to express lengths--feet and inches. A more 
widely used system is called the metric system. The metric 
system is used by nearly all scientists and inj meayvly all 
countries of the earth. For the present you will coucemna 
yourself with but one phase of the metric system--that 
involving length. 

The basic Unit of Menge an the metric sysrem areas 
meter (abbreviated m). The meter is divided into 100 equal 
parts called centimeters (abbreviated cm). It may help you 
to remember this if you think of a dollar jas representing 4 
meter. There are 100 cents in a dollar and l00Rcenemerere 
in a meter. 

Centimeters are divided up into still smaller units 
called millimeters (abbreviated mm). There are 10mm ina 
centimeter. How many millimeters are in one meter? 


10mm 100cm 
———————————— 
em meter 





(Answer: = 1000mm/meter ) 


Examine Figures 5.4 and 5.5 below. They show the 


relationship between the three units on a meter stick. 





meter stick 


Figure 5.4 0 20 30 40 50 60 70 60 90 
Figure 5.5. 40 | 2 3 4 5 6 7 8 9 50 


Materials 


Meter stick (or 30cm ruler) 
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Procedures 


ee 





Using the Meter Sbick measure the lengthy im mitli- 
meters of each line in Figure 5.6. Record each 


measurement in your notebook. 


Figure 5.6. 


eee 


Be 





inthe bnglush system, measurements are commonly 
Giver an Mixed Unite such as, “He is five feet, 
Eeneinenes sea ll) OuUCm Is MOL tne case an the 
WeCtilem = elle shines /Ml aon, TO Instance, 
WwOUMG MOL be described as “Live cm, seven mm long." 
Instead, its length would be recorded simply as 


57mm or, 5.7cm (pronounced, "five and seven tenths 








centimeters, or, five point seven centimeters). 
Thus, each millimeter can be expressed as one tenth 
(0.1) of a centimeter. Measure the length in cm 

Of secach line in Pagure 5.6. Record your measure- 


ments in your notebook. 


Measure and record the length of your classroom in 


meters. 


Measure and record the length of this page in cm. 


Measure and record your height in centimeters. 


Interpretations 


ies 


Wivncem CUM a iniemOast yeCleni ets Use Lhe meLlric 


system of measurement? 


AOD ETON AL AC ial Vn: 


Avs 


events. 


Weree a shore report about world's records in sports 


ibaetetne records in both English and metric units. 
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TEACHER 
MATERIAL 


INVESTIGATION 5.2: Measuring Distance Directly 

Measurement and use of the meets system are skills “that are 
mastered only by practice and repeated use. You should not 
feel that students will "know" the metric system after 
completion of this. investigation--it is only introductory. 
Your insistence on student use of metric system for most 
measurements widl help amerease ENeieecompckencem Lom amwoe~ lad 


level. 


Materials 


Meter Sticks are preterved 12 available 





Procedures 

gs bine X = 20mm 
lehae Mo = Alsi 
iIpline 2 = 6 Zieqian 

BS  iniaies <= 26Oen 
igne M = 4 5em 
inne Zi = 6 4 36 

Cc. Answers wiliwvary. 


Dene page. ten 2/) fen lone. 


He. Answers will vary. 
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Interpretations 


1. Use of a common measurement system reduces error 
and WSroRt Aineconversions tfnomtonetystemirto,canether.:>4 Also, 
computations are "cleaner" in metric values because clumsy 


fractions and mixed units are (eliminated. 


ADDITILONA DS ACT IV ITY 


A recent world almanac is a complete source for such 


records. 


102 


INVESTIGATION 5.3: Measuring Distance Indiregtly 


When short distances are measured on the ground, 


to use rulers or tape measures. Obviously, in measuring very 


great. distances, this “is/mot practical. 


you will see how distance measurements can be made indirectly. 


Materials (per team) 


Prouracuon 
index, cards, 2 
Meter stick 
MetErece ruler 
tape 


Unruled paper 


Procedures 


IX 


With both eyes open look at a fixed object on the 
far side of the room. Hold onesnhend Up, inger- 
together, palm toward your face. Move your hand 
back ‘and forth to block the view from first soneseye 


and then the other. Record your observations. 


Now nold a peneil at arm's Lengel in fronuror you. 
Continue to look at the distant object. Notice any 
changes in apparent position of the pencil as you 
block vision of first one eye and then the other. 
see Figure S./., Bring the pencil closer te yous 
face. Again block vision of first one eye and then 


the other. Record your observations. 


it, Psipossible 


In this sinvestigation, 
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distant object hand moves 


back and forth 


Bae urem onesie 


Interpretations 


ae Dida you UOcrCe many apparent Chatige in the’ positions 


of -the object and of the pencil? If so, describe the change. 
Procedures (continued) 


Geass Lacerda lablesnéa rrawadll Diwi thre Slong edge parallel 
to the wall. ~-Tape two file cards along the other 
long edge of the table so their outside edges are 


LOCC Maparvichrquce S56 is 
DSiwweing a Grayon ortgredse pencil} write -a large’ Xx 


on an index card and tape the card to the wall at 


a height about level with the table top. 


Figure 5.8. fe 





S ruler 
XS 
We | file card < protractor 
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Tape your protractor So that ite lceurtal potwesro. 
measuring! angles igyat the outside Cerner of one 

index card and its straight;edge is aleng the base 

Line, jasishown in’ Figure™s-.8.° Hold am@uler sco 'rtnar 

its! jedgesisy directly fabove the cénter of "tie prorracrer, 
and “sightyithe X along the ruler. Havev™a second 


member of your team read the number of degrees 





between the base line and the ruler. Record your 
restdius. (You, May find stt ditiiculp cos kccomr ae 
edge jot the ruler directly over the: cemcersors tie 


protractor. If so, a pin can be placed sup miginageniee 





the enter anc) Ene rullersheld aqaimsacerte) 


Repeat .Procedure Ef, using the ovtside, compnersotreie 


OENer Andex card. 


To calculate the distance between the mid-point of 
the base nine rand jthe & j meke vans ca te sdrawang Genowi ne 
the measurements. Let a 10cm line on your paper 
represent the 100cm base line. Use your protractor 
to draw the same angles on the scale drawing that 

you measured on the table. Extend the two lines 


of sight on your scale drawing to form a triangle. 





The point where they meet represents the position 

of X. Record the distance between this point and 
the mid-point of the base line on your drawing. Use 
your scale drawing to calculate the distance from 
the base line to X. With a meter stick measure =the 


distance between the base line and the X on the wall. 


Interpretations 


ee 


Galsitameek 


Is the calculated distance the same as the measured 


Lif, not, “how would yousaccount for any difference? 





105 


Procedures (continued) 


Do Uo igeaii) bee OEeoceduBes sOULdOOrS, sletermine»the 


distance to an object that is much farther away. 


Interpretations 


oe) JO sighting, the mone distank object, wera .the angles 
formed by the ruler and base line larger or smaller than the 


angles measured in Procedures E and F? 


A. Under what two conditions do you expect lines of 
Sight from different locations toward the, same object. to, be 


Die Mneatlvye tie Same direction? 


PROBLEMS 


Vee BCOUBe Oso shroweittiie distant ob ject “located directly 
between the two ends of the base line. Would the method for 


finding distance work if the object were off to one side? 
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TEACHER 
MATERIAL 


INVESTIGATION 5.3: Measuring Distance Indirectly 


The major purpose of this investigation ts to Nave’ students 
use triangulation, to measurevdistances. In Seerioneiveive. 
triangulation will be discussed “aS a way to méasure the 
distances to stars relatively close to us. Most students 
should nave little “difficulty performing "the Imvestigacrom. 
If they have trouble with triangulation you might wish to 


briefly discuss what is meant by similar triangles. You 








could state that similar triangles are triangles whose 
angles “are equal even though the triangles may not be the 
same sizes “A simple sketen such ac Figure io s2 can nom 
the chalkboard should make this point clear. Use of the 
term “triangulation” has béen “avoided im’ Ehe studeniea text. 


bUe You May “wish! Tosuse Ge 


Figure 1-5. 2. 


In Procedures A and B students will observe a principle 
of triangulation, that lines of sight toward the same object 
from different viewpoints lie in different directions. Do 
not spend much time on*this part) of the investigation. It 
is intended merely to arouse interest and serve as an intro- 


duction. 
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Procedures 


A S=B. No comment. 


Interpretations 


1. Both the pencil and the object should appear to 
move. The pencil will appear to move through a greater distance 
Hecauser it is closer. 

Asreanmsillustration or the fact that both eyes 
normally are used in estimating distances (binocular vision) 
you may wish to suggest the following: Two students stand 
facing each other at a distance of about a meter. One student 
NOLvagsSsa, Dencil) horrzontally in front of ‘Aim. The vsecond 
student covers one eye and attempts to touch the tip of that 
pencil with the tip of his own pencil. The process is 
PCepeaced FoUcewith, boEn Gyes open, and, is found  to- be: easier. 
(Note: If a student attempts this procedure while holding 
em Dene Stauis Wik, One wand and crying tO LOuCcIN it with a 
BeCods Pence ithe ocner Nand,she may find it easy. 

Dit seem becaise 1ntOormatilon about the Location ef the 
Seavronany  carger" 2s being Sele to his brain. from ene 
mMmusclecnotm the arm holding the targer. For this reason most 


people can touch fingertips with both eyes closed.) 


Procedures (continued) 


Ge Hloweyour students Set Up the distance tobe 
measured depends in large part on the physical 
abrangement of your room. Taping the card marked 
Xeto the back of a chair of appropriate height will 
work. Ideally the card should be placed about two 


OGMENbeerMeters. LErom therbase Line. 


105c 


Also, perhaps tables in the cafeteria can be 
used. This will enable all teams to work simultane- 
ously. Cafeterias are usually large enough to 
ensure that teams will not be in each other's way. 
If the investigation is to be done with one table 
in the classroom, several teams can take turns and 


then compare their data. 


D. No comment. 

B. Precisioniin. placing the protractor sand sreadingpiue 
angles is important in obtaining agreement between 
the calculated distance and the actual distance. 

EF o-Ge No, comment. 
Interpretations 
2. The distance from the base line to the X on the 


wall ought to be ten times the distance measured in the 


drawing. 





Daitrerences. between the calecullated) and) aceual 


distances may be due to inaccurate readings or recordings, 


or inaccuracies in, Ehe. construction of the scale drawing. 


Procedures (continued) 


felis 


For this outdoor activity, only Ccner Cagle w= @eces ae 
You might have teams take turns sighting a distant 
eeeegor. Lagpole. 
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Interpretations 


3. Students should observe that the angle between the 
ruler and the base line increases when sighting a more 
distant object. 


4. Lines of sight will be more nearly parallel if the 
distance to the object is very great or if the viewing points 


are close together compared with the distance to the object. 


PROBLEMS 


1. The problem can best be solved by actual investiga- 
tion. Students will find that the triangle need not be 


isosceles. 


OPTIONAL INVESTIGATION: (Measuring Dastance withsthe Astrolabe 


Livsmrenvestract On Le NOL included. in. the student text. It 
provides additional activities that may be performed with 
the astrolabe. 


Materials (per team) 


Astrolabe 
Meter stick 
PEOtraGuOn 
Chalk 
Masking tape 
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Procedures 
Per? To™students:'° Stand” or sat with your head a measured 


two meters (2m) from a wall. Select two target 
points on the wall. ~One point should be curecciy, 
above the other. Use the astrolabe to measure the 
vertical angle toveéach. With a meter stick, neacsmme 
the distance between the two points. 

(To the teacher: Before class, mark target points 
on the wall with chalk or masking tape.) 

Thevdistanece of 2m as chosen) becauseui. wield 
produce a sketch which when dvawn tovayt- 20, scales 
fits nicely on a standard sheet of notebook paper. 
ine wbserver's’ head--net the instrument-—-snould be 


2m from the wall. 
Interpretations 


Ask students the following three questions. Student 


Responses wil livery foreach qulest1 on. 


i. What is the astrolabe reading for the lower pointe 


Be sure to’ state whether you aré sighting, up, or down cesses 
2. What is the astrolabe reading for the higher point? 


3. What is the distance in meters between the two 
[DORMAE Se 
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Procedures (continued) 


Bre 


To students: In your notebook make a sketch showing 

the results of Procedure A and Interpretations 1-3. 

Tees etch smoulaabercto en scale ofl: 10--thatc 6, 

one tenth the size of the actual measurements. 

Represent the 2m from you to the wall by drawing 

eer LZOnlala | ies Ocme long. At sone vend oF the 

horizontal line place an X to represent your 

location. At the other end draw a vertical line 

to Bepresent the wall... Use your protractor to lay 

out the angles recorded in Interpretations 1 and 2. 
(To the teacher: See Figure T-5.3.) 

To students: Measure the distance between points on 

your diagram. 

Response NOUC Ie Mee letances ame seca led pdown, 

the angles remain constant and the distances are 

U/bOmche actual distance. 








Figure T-5.3. Sample diagram for Procedure B. 
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Interpretations 


4. <Ask students: What is the distance in cm between the 
two" pointes vin Che sketch: 


Response: Answers will vary. 


5. Ask students: How does this distance compare with 
the distance recorded in Interpretation 3? 

Response: The distance, in em, between atte potas 
on the diagram should be 1/10 of the distance between the 
actual points. Five percent error is quite acceptable. 

This means that if the distance between the actual points is 
22S °Metens une (distance wit etic eee CC lm stots Crete meme tame 
centimeters. Answers between 26.5cm and 29.5cem are quite 


acceptable. 
Procedures (continued) 


GC. To students: Agaim position. yoursels Somme em yous 
head is 2m from the wall. Select another pair of 
points.) oight son) the points, Vasie ter POCeCuUee ma. 
but do not measure the distance between them. 

Make a 1:10 scale drawing, as) imeProcedure Be 
(To thecteacher: The purposeihere is to have 
students gain confidence in their ability to 


calculate the distance between points.) 


Interpretations 


6. Ask students: What is the distance in cm between 


the Two, poirits. in your sketch? 


Response: Answers will vary. 


Procedures (continued) 


D. To students: Now measure the distance between 


the two points on the wail: 
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Interpretations 


7. Ask students: What is the actual distance in meters 
between the two points? 
Respolse: “Answersiwill vary. “However, “the actual 
distance should be about ten times the distance measured on 
the sketch. 


PROBLEMS 


Ask students: Use your astrolabe to measure angles to 
ENS cOp and ocrom., of. a. bullding,.a. tree. a, flagpole,, or 
CENCE TOO oe Lame te. OD ect. te tell. you should. stand more 
than 2m away from it. Then use a scale drawing. to calculate 
thegheight.or che object. 

(Teacher: Students should not feel obligated to use a 
PetO Scale factor; they should (ctoose a scale that is convenient 
FOr tne distances involved. Thus, if a building approximately 
5Om highvis co be measured, the student should stand at least 
Eieterorerrom 1) for Good Heswite. eo is skeccit magniu. besmade 
EOmoms Cale Ortw > HOO el nis = WwoOUMldsposoGgucesa skeeECch lof about 
- excel, Witch would) Tit on a Hearge. sheetrot, wrapping, paper 
OBEROI Ve Chalkboard. 

This would be an appropriate tame for a "lab practical" 
type of test. One test item maght .caddk- forsthe, use of .an 
astrolabe to méasure a known (to the teacher) angle... If you 
dowthiis, be sure the nead of every jstudent, 2s, at. the, same 
height when sightings are taken. Otherwise discrepancies 
will be introduced. This problem may be avoided by having 
each student rest the astrolabe on the back of a particular 
chair. This would tend to keep head height and distance from 


tein Cm WicllMlumeGOncdealiliters 
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Or you might give out an entire problem to be solved 
either individually or by groups. Masking-tape targets 
arranged in pairs could be placed on the wall, at a number of 
different stations. A point 2m from the wall could be marked 
on the floor with tape. This would speed things up and also 
remove the opportunity for students to measure the distance 


On Lie walle 


INQUIRY DEMONSTRATION: Building a Water Thermometer 


The purposes of the demonstration are to acquaint students 
with the principles of the thermometer, to allow them to 


relate these principles to- design features of thermometers, 





to introduce the Celsius (metric) temperature scale, and to 
familiarize students with the thermometer, a device whose 


use will be required in later investigations. 


Materials 


Food coloring (vegetable dye) 
Bblenmeyern flask, =925 010d 

Be lenmeyer ss task, i25mu 
One-hole stopper, 2 

Glass LUNG, mm" OoD" 

Bunsen burner 

Ring stand 

Peleg tela fase 


Ringe evand Clamps, 2 
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Procedures 


Set up the apparatus as shown in Figure T-5.4 before 





the beginning of class. 

The "plug" of colored water should be about one inch in 
length and visible above the stopper with the apparatus "at 
rest" at room temperature. Invite the students to observe 
Cie eapparotic. sWhiivetcallipng*attention "ce the water "plug," 
Clasp tne flask wich boetn thandswand squeeze swith an “apparently 
great effort. (Do not actually squeeze the flask with great 
force.) The plug will move up the tubing as your hands warm 


Cie atin tpecivest lack Sul Tow ie Polug -to rrse-about six 


inches, tthén- remove “your hands: 


I 






Figure T=5.4. =——— glass tubing 


——— colored water 


— stopper 


———— flask 


—ssee=== gir 
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Call for observations and possible reasons for the move- 
ment of the plug. Studentstare Tivelyero say ener: el 
Pressure on the walls of the (flask caused itheschange;s Jancd Agr 
(2) Heat from your hand was responsible. Try lto draw bora 
responses from the class. 

Ask the class to describe an experiment that would show 
if pressure alone would cause the change. (Repeating the 
demonstration with an insulating mavgeria Wesuchpas tolded 
newspaper between the hands and the flask.) 

Ask the class to describe an experiment that would show 
if heat alone could cause the change. (Heating the container 


with a flame widl cause the plug co run Tout overstinestop @ 





the tubing. Cooling will force the plug idown aineoe ache slasie.y) 
Ask the class what the apparatus might be used Lor. 

(Someone should suggest that it might be used as a thermometer.) 
What drawbacks does such a thermometer have? (Two 

obvious shortcomings are: (1) A rather long piece of tubing 

must be used to measure large Gemoperature changes, and 

(2) The accuracy is questionable since the water plug maighe 

run out the open end or evaporate.) 
Ask the class how these same materials could be used to 


make a better thermometer of reasonable size. (One alteration 








would be to full the flask witmiwalcer! so that a) iscllidecoluma 
©f water vextends into the Lusine pals, Ehermometer would 
indicate temperature change with much smaller increments in 
height than the air thermometer. You may want to demonstrate 
thivse Lo students 

lt may be suggested that the problem of evaporation 
could be solved by sealing#the open Goutside) enduon tae 
tubing. This can be done by melting the end of the tubing in 
a flame. Then drives out@some of ehe air in the cubano, 
warming the portion above the stopper in the flame. Insert 
the tubing (and stopper) into the flask. As the air in the 


tubing cools, water will enter the tubing. Note: Cold water 


Will shatter hoereubing SsCAUTION®S “Sueh®an*apparatusomay 
explodevat ’too*much heat Ps °appliedst This ’defectican be 
demonstrated safely if you insert the stopper loosely and 
then gently heat the flask. “Lf'done carefully, the stopper 
Will pop out and the tubing will tilt! to sonetsids f ~ Ber carestl 
that this does not overturn the flask. 










125ml flask 


Figure T-5.5. “expansion chamber" 


250ml flask-"“bulb" 


water 


Asketchne class to Suggest a modification of the apparatus 
which would overcome the disadvantages of both open and 
closed tubes. (The addition of an expansion chamber, Figure 
T-5.5, would solve both types of problems.) 

Two functions are served by the expansion chamber: 

(1) Once the air in the top flask becomes saturated, error, 
Aves eo evapoOlraclon 1rom the water column, is reduced, and 
(2) The water column can move a larger distance before 


critical pressures are produced. 
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When you demonstrate such a thermometer, make sure that 
the stopper in the bottom flask is loosely fitted and that 
adequate support is provided for the apparatus. DO NOT HEAT 
THE "BULB" SO MUCH THAT WATER IS DRIVEN INTO THE EXPANSION 
CHAMBER. 


FOR FURTHER ACTIVITY 


After the demonstration you may want to hand out thermometers 
of the’ type students will use’ in Vater investigations and 


assign the following task. Ask students to do the following: 


1. Examine the thermometer. In your notebook prepare 
a sketch of the thermometer with labels which describe the 
purpose of each paxvtvot it... Note whether the thermometer 
is marked in Celsius (C) or Fahrenheit (F) degrees. (See 
Figure T-5.6 for a sample response. Responses will depend 
upon the type of thermometer available. The Celsius scale 
was formerly known as the Centigrade scale. On it, the 
temperature of melting ice is o°c and the temperature of 
boiling water is 100°C. On the Fahrenheit scale ice melts 
at 32°F and water boils at 212°F. A-conversion chart is 


supplied at the back of the book for use by students.) 


2. Read the thermometer and record the air temperature 
of your classroom. Determine the temperature of tap water 
and your body temperature. Approximate body temperature may 
be obtained at the crook of the elbow by folding the forearm 
over the bulb. 

(An average air temperature for the room can be 
found. This would be a good opporruney to poant outumewe 
fact that there may be variations in thermometers which 


lead to differences in readings.) 
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Loop for suspending thermometer 


B Bulb to allow for expansion 





E20) 


C Numbers showing temperature readings 


D Fluid enclosed in thin tube 


E (Magnifying prism) 


Figure T-5.6. 


(EE ET A OETA COTO PSE (RA SRT ELS Ie ROO 
SSE STR REL 0 FR ( I RES [STR S [ MLO Po PN OI CoN MY (oY A FAR LS 


F Thin wall on liquid chamber 
G Large volume of liquid 
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INVESTIGATION 5.4: Volume 


A method of measuring volume will be examined in this 
investigation. The volume of an object is the amount or 
Space it occupies. You may be used to expressing volume in 
Pints, quarts and gallons im Che metre sys len VvOLluiemnr. 
expressed in liters and milliliters. A liter is a little 
larger than’a' quart. The volumes of “samples smaller than a 
liter are expressed in milliliters (abbreviated ml). There 
are one thousand (1000) ml ina liter. 

The volume of a liquid can be measured in an instrument 
Called a graduated, cylinder. 9 eft sis" simply at Beale bocromca. 
straight-sided tube with: marks and numbers to indicate volume. 


see Figure 5.9. 


correct reading 





Figure 5.9. 

The correct read- 
ing of a graduated 
cylinder is taken 
from the lowest 
point of the curve 
formed by the liquid. 
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The volume of any liquid can be found simply by pouring 
it into a graduated cylinder. The volume of a solid object 
can also be determined with a graduated cylinder. Since 
very few solids fit snugiy into a ‘graduated Cy acer sett ois 
Necessary Loo pert lyeri lithe cylinder with a- liquid stich as 
weter, ~“When=a solid’ object-is placed in'‘the’container, the 
digurcd = tevel wili-rise. "The change Inthe ‘votume readings is 


ecual to the voltmeror tne sottd object? 
Materials (per team) 


100 ml graduated cylinder 
SoOlidgobjects ,a3g 


Masking tape 


Procedures 


PCO Ve eI Ure: oo. LO Anco your nolbebook. 


Object #1 Object #2 Object #3 
DESCEIpDE ION Of object , 
Volume with object 
Volume without object 


Grange sii volume 


Figure 5.10. Volumes 


B. Pour between 35ml and 50m1l of water into the 100ml 
graduated cylinder. Read the volume as accurately 
as you can (see Figure 5.9). Record the volume on 
Vou Ccoouy OL Pigure 5.10 im the third space under 


Object #1. 
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Select..one of thesobjects and briefly sdescribe fe 

in the first space under Object #1. Place the object 
in.the graduated cylinder so thats itis gcompletely 
underwater. Record the new (total) volume in space 
two under Object #1. Remove the object from the 
graduated cylinder. Subtract the volume without 

the object from the volume with the object and record 
the answer in the last space under Object #1. The 
volume you have calculated is the volume of Object 
#1. 


In a manner similar to Procedures B and C, complete 
the table for the other two objects. 


Interpretations 


ite 


‘What are some of the limitations on this method of 


finding the volume of an object? 
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TEACHER 
MATERIAL 


INVESTIGATION 5.4: Volume 

THe Weweposes orem sl investicgationinms®tworolds «It whould 
develop laboratory techniques, particularly measurement of 
volume. It should provide data which will be needed in the 
Nexe EMimestigat Lon, Density. 


Materials 


Thengradtazed cylinder need not: be 100ml, as.long as 





it will accommodate the objects to be immersed in water. 
The three solid objects should be different kinds of 
Nateriot snOnel or the three, should float. “While different 





Eeamegmey)| havejddenrical sets: of objects. it would: also be 
possible to have different materials for each team. The 
objects should not be porous (like a sponge) and must fit 


inside the graduated cylinders. The objects for which sample 





datesiseoqiven are: o.a two-ounce Lead fishing weight, a 174" x 5" 


piece of hardwood dowel, and a small piece of rock (basalt). 





Sinmee thesanexteinvestagationvtis accontinuation of .this 
Chew eect team shnouledvidentity sitesi specimens rortuse during 


the next laboratory session. 


Procedures 


A. No comment. 


B. The amount of water needed depends on the objects. 
Le gSeadvisablertontestethe objiects betore class 
to be sure the amount of water specified will cover 
the objects and still give a reading with the object 


submerged. 
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C.-D. See Figure T-5.7 for sample data. Advise students 
to use’a straightened paper clip or pencil tip to 


force the floating object underwater. 


Object #1 Objectiir2 Object #3 


Description of object fishing wooden 
P rock 
weight dowel ; 
Volume with object 40.0Om1 45 .5m1 50.0m1 
Volume without object 34.5m1 B97 Sn 40.0m1 
Change in volume Seo Ss Oat. 10.0m1 


Figure T-5.7. Sample data for Procedures C and D. 


interpretations 


1. Some limitations on this method are that the object 





must fit inside a graduated cylinder and it must not dissolve 


in: Or reactrwith she wWiguig that fe srsede 
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VOLUME AND DENSITY 


The volume of a sample of material will not serve to identify 
what it,is made of. .It,is possible to havea large piece of 
material and a smaller piece of the same kind of material. 
The larger piece will naturally have tthe larger volume. It 
is possible however to measure something that is characteristic 
Of a pure sudstance, and will be! helpful’ in identifying, the 
material. If you know both the weight and the volume of a 
sample. you can calculate its density. “Density is-foundiby 
dividing the weight of any object by its volume. The density 
of a large block of ice is the same as the density ofa small 
ice cube. The weight of a large block office as greater than 
the weight of an ice cube, but the volume pf, the, block) is 
proportionally bigger. When the weight of any sample of ice 
is divided by the volume of that sample, the answer is always 
the same. The density of every piece of pure ice is the same. 
A block of gold weighs more than a piece of ice the same size. 
The density of gold is, therefore, greater than the density 
Ce PCE) 

You have already measured the volumes of several objects. 
To find each density, you must find out how héavy each objyect 
is. When metric system equipment is used to measure weight, 
the answer is often expressed in grams. At the time the 
metric system was developed, the size of a gram was chosen 
so that one ml of water weighs one gram. Therefore in the 
metric system, the density of water is one gram/ml. Because 
Of SulmhS sacl jert giorcrelabively -casy to, find densi Les. yor 


other substances. 


Whem the wei ghe jor -an Obie Ge bs divided by. rhe weight 
of an equal volume of WACeL ule mesUliy is) ice JenSicyront tie 


OD jectuw iececne pekimll slummay De surprising that the system 
£Ob measuring weight is not important. As long as the weight 


of the object and the weight of an equal volume of water are 


measured in the same system, the density will be in grams per ml. 
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INVESTIGATION 5.5: Density 


In this investigation a weight gauge is used to obtain data 
about weight. The values will be the number of "weight units" 
rather than the ounces or pounds you are familiar with. One 
reason for doing this is to show how easily densities can be 


found. You don't need elaborate equipment. 
Materials 
Three solid objects used in Investigation 5.4 
Weight gauge 
Data from Investigation 5.4 
Graduated cylinder 
Procedures 


A. Copy Figure 5.11 into your notébook. 


Object #1 Object #2 Object #3 
Reading with the object 


Reading empty 





Units of weight for the object 


Figure 5.11. Weight gauge readings for objects. 


B. Tape the weight gauge to the edge of a table or desk 
so that the rubber band, paper clips and cup hang 


down along the scale on the card (see Figure 5.12). 


Figure 5.12. Weight gauge. 


1 







rubber band 


paper clip 


bent paper clip 


—— 5" x 7” index card 


—— paper cup 


Read the position of the lower end of the rubber 
band ontthe scale. Be sure’ your,eye.is level with 
the end of the rubber band when you take the reading. 
Record thelreadingooniyour copywotoFigqureyS.<di in 
the second space below Object #1. Place Object #1 
in tMe cup andvagain tread the position of theslower 
end of the rubber band. Record the reading in the 
first space below Object #1 on your copy of Figure 
5.11. Remove thesobject from the» cup.o? Subtract 
the reading empty from the reading with the object 
and record the answer in the third space below 
Object #1. 


ingasmannes similar to Procedure C, complete the 
table for the other two objects. 
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le 


Copy .Pigure “Se into .voumenotedook. 


Object #1 Object #2 Object #3 


Reading for volume of water 
equal to volume of object 


Reading empty 


Units of weight for water 
equal to volume of object 


Figure 5.13. Weight gauge readings for water. 


Read the position of the lower end of the rubber 
band ongthe scales Record the reading onmyourscopy 
of Figure 5.13 in the second space below Object #1. 
Refer to Figuve 5.10 to find the’ volume jor sCbjectanl. 
Into a graduated cylinder, measure a volume of water 
equal to the volume of Object #l.  Poumthe water 
into the cup on the weight gauge and read the 
position of the lower end of the rubber band on the 
sCale. Record the) reading in thé?’ firsenspacernunder 
Object #1. Empty the water from the cup. 

Subtract the reading empty from the reading for 
the volume of water equal to the volume of Object #1, 


and record the answer in the last space under Object 
#1. 


In a manner similar to Procedure F, complete the 


table for the other two objects. 
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Interpretations 


1. Calculate the density of each object. (Recall that 
when the weight of an object is divided by the weight of an 
equal’ wolume of waten, the result -is the ‘density of the 
object in grams per ml.) In answering this interpretation, 
show your calculations as well as the values you get for the 


densities. 


2. if the density of an object is less than the density 


Gawacen Wiietmces EhomObject cCojwhen it is placed in water? 


PROBLEM 


ey Meta roo (Nes “a rdenelicyiron Six vgramnse ~per ml. Yet Vie 
is cut in half will each piece have a density of three grams 


per ml? Give reasons to support your answer. 


dlls 


TEACHER 
MATERIAL 


INVESTIGATION, 6.5: 4 Density. 


The purpose of this Mnvestigaticon is to show ow shesdens. may, 
of objects may be determined. The concept of density will 
be used gin the next section Gowinvesti gate newer cecromo. 


salinity and temperature on water. 


Materials 


The small graduated cylinder should be Varcge enought eo 
accommodate a volume of water equal to the volume of the 
largest object. 


You may want students to prepare their own weight gauges 





at home, but you will probably get more uniformity by having 
a few students prepare enough for the entire class. The 
card should be Stiri enough to, permiterel table eoadinigs: 
it can be an index card, cardboard or piywood.) tie scale 
Can be marked directly on the card or a nuderm may ber taped 
tO the card . 
The rubber bands must be selected with care. Be sure 
they are not too stiff, and that the change in length increases 


in, proportion to the Load on. them. 





the) cup, can be plastic or paper, or a smal let igecan ses 
you have balances or commercially produced spring scales and 
want to use them, they will probably give more accurate’ data 
than: the homemade weight gauge.. If you do not have balances 
on hand, it is not recommended that you buy them for this 


COuUBSsiey. 





Procedures 


A. No comment. 
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Bee iave the students check to be sure the, rubber band, 
Daperm clips and cup move smoothly along the card or 


scale. 


C.-D. See Figure T-5.8 for sample data. 


Object #l Object #2 Object #3 


Reading with object 3 O2 114 
Reading empty 100 100 100 
Units of weight for object 23 2 14 





Figure T-5.8. Sample data for'Procedures C and D. 


6 No comment. 


Be-Ge, oeecerigure,l-S.9 £or,sample data. You may’ Find it 





advisable to provide eye droppers for students to 


adjust the volume in the graduated cylinder. 


Object #17 (Object: #2 Object” #3 
Reading for volume of water 








equal to volume of object ee a are uae 
Reading empty LOORG 100.0 LOOLT 
Uni GSsCn wel gn tor water aes 2.5 Then 0B 


equal to volume of object 





Figure T-5.9. Sample data for Procedures F and G. 
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Interpretations 

1. Calculations based on sample data: 
Object #1 #2 #3 
Calculation Si Sree toe eS 2.0% 2.5 = 058 Da On i ae) 


The density 
is about 


13g/ml 0.8g/m1 3g/m1 
It should be noted that these values are only approximate, 
due to lack of precision in weighing. For example, the 
accepted value for the density of lead is 11.35g/ml and not 
13g/ml. The densities are of the right order of magnitude 
and the percentage error is reasonable. 

Different teams cannot be expected to get exactly 
the same answers for a substance, and they should understand 
that such variation is more likely due to experimental error 


CHanecO VaielatLOonsmin eden Sit Vie 


2. If the density of an object is less than the density 
of water, the object will float in water. 


PROBLEM 


The density of each piece will still be 6g/ml. One 
basic idea of this investigation is that density is an 
Ldenbizying characteristic 62 a substance +. if tne stodeus 
cut in two, each piece will be half as heavy and half the 
volume of the original rod. The smaller weight divided by 
a smaller volume will give the same answer as a larger weight 


divided by a larger volume for the same substance. 
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Section Six: 


Some Properties of Water 


PREVIEW | 


Since more than three-fourths of the earth's surface is covered 
by water it is appropriate that an earth science course should 
deal with the subject of oceanography. Most aspects of ocean- 
ography, however, are marine applications of other sciences: 
GeOnod yee meeco ology bloody, ere. For this reason, Section 
six deals with only a few of the topics which might normally be 
considered under the heading of "oceanography." 

[nvestrGetron 6.) provides, instructions for constructing a 
simple but sensitive hydrometer. With it students measure the 
densities of three salt solutions. It is seen that the density 
Gt wsea Wacer as “about Ve02Z> Ggrams/ml and that the addition of 
more salt to a solution increases its density (Investigation 6.2). 

PebivesciGdL lone co. . COnelLoy Ob Wate iS also Seen to be a 
PUNeCULOMeOn GeEMperaLuUre, Wilt higher water densities corresponding 
to lower temperatures. 

Piemeoi Gc CEmOMm CvapDOLeLlOMNrOlsscalinity. and Nences Ceheaty, 
is investigated by students in Investigation 6.4. 

A reading selection and an associated set of problems 
introduce students to some of the complexities of horizontal 
and vertical motions of water in the oceans. Upwelling and its 


iio baGatLronusS 2Or marine lize are discussed. 
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Dependence of marine life on materials provided from the 


surface, (as well as those brought up from the dentis jets 





considered in) Investigation) 6a .emih woLCchmt hes preseicoms 
dissolved, carbon dioxide is marked through use von an windtcacon. 
and gas exchange between various solutions and the atmosphere 
ems eUlo Led. 

The dependence of marine life upon depth has thus been 
established. An investigation on depth-sounding by means of a 
lead-line follows. Students deduce bottom profiles as a result 
of limited and then more extensive observations. 

Following an Inquiry Demonstration and reading selection 
onm™sonar, “a More SOphisticatredsmetiod fOr dept merce m@antCr mer te 
section closes with a series of ocean-related questions to the 


student which will be pursued in later sections of the text. 
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Section Six: 


Some Properties of Water 


Some sciences are concerned with one particular type of thing 


OF with one set of processes. Botany, for example, deals with 





plants regardless of where they may be found .. . on the 

Ue dtcemO, Nencat tii, I lakes, Of even on Other planets. 
Other sciences are concerned with a particular location. 

moey, inelude all things and processes found in ithat one place. 


@ceancorapny as Such aa science. Lt deals with jus: about “every 





Haga mele aspect Oty ee oceans: etheir tides, their weather, 
Chest iiVvVincactoingsein them, the geelooy or the weaeivoors, -and 
SCOR corel. 

ii oeeblOoneoix, Vougw Vly consider certains properties “of 
Waker ttself.. Thvs section may fhus ber thought of as an antiro- 
duction Eo the subj]ect tof oceanography. « in, bater sections 
Ciereew Wa ligibemrurtiher rem vencecmeor OCCans iLneitsert ectson 
Climace Malte SOrms which hiavewmvyed alnere. elc... “You mayr sind 
He Inceresting tow watch fon materiel twhich might be sthought of 
as either oceanography’ or some other subject. 

Limnology, the science of fresh-water ponds, lakes, and 


streams is also introduced through a study of water. If you 





live near an ocean or lake you may wish to start thinking of 
observations and investigations you could conduct along the 


shoreline or from a pier or bridge. 
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People gain information about the world from their five 
senses--sight, smell, hearing, touch and taste. But the senses 
can be deceived. You may have discovered this in the last 
section when you measured distances. Observations can be made 
more accurate if scientific instruments aresuseds< Theteecimvevecs 
of measurement are well worth learning. They can be used to look 
for patterns and help solve problems. 

In this section instruments will be used to study the behavior 
of water. Properties discovered for small samples of water:-may 
be helpful in developing models for the behavior of water in 


lakes and oceans. 





Figure 6.1. The edge of the sea. Cape Cod, Massachusetts. 
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INVESTIGATION 6.1: The Hydrometer 


A hydrometer consists of a weighted bulb and a sealed cylinder. 
Whengp laced] inga liquid, sit floats: partmoft the cylinder remains 
out of the liquid. The density of a liquid is found by comparing 
the liquid level with a scale sealed inside the hydrometer. In 
this investigation you will build a hydrometer. It can be used 
to study some of the factors affecting the densities of liquids. 


Materials (per team) 


Test tube, 18 x 150mm 
One-hole stopper size #1 
Glass tubing, 6mm 0.D. (llcm long) 
Index card ; 
scissors 

Candle 

Matches 

Ruler, metric-English 

Lead shot (#4) 

Graduated cylinder, 100m1 
SOLULLONSBA Se Be and: 


Procedures 


A. Use a sharp pencil to mark the long edge of an index 
Card.en (Figure 6.2), ,+Place a light.mark every 1/16 
inchemenvery fifth (Sth) mark should be. darkened so 
the scale will be easier to read. Cut the marked edge 
Pomtormeaunarrowa strap that will fit.inside the glass 
tubing. 
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cut along dotted 
line 


— file card 


Figure 6.2. Scale strip should be just wide enough to fit 


inside glass tubing. 


Light the .candle. Place the markedsst ri pyinsi de ie 
tubing. Hold the tubing horizontal and=seateonesenc 
witha small amount of wax dripped! from the candle. 
The wax should form an airtight’ seal andealso hold the 
scale strip in place. Trim off any paper outside the 


wax seal. 


Use water to moisten the outside of the unsealed end 





ofthe tubing. Carefully*>insert the moistemed seng marae 
the stopper. 


Place about 50 lead shot in’ the test tube and fit the 
stopper in place with the scale extending above the 
test tube. Your hydrometer showld look) tike tiemen= 
Shown, in Baoure 6.3 < 
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wax 







00 D000) FORE FREE! HENNY | 


tubing 








scale 








stopper 


i—/ 

7 
= 
= 


3 
— 
— 

— 






testube 


Figure 6.3. The hydrometer assembled. 


lead shot 


Be Obtaingabout cSml of “standard" water in a graduated 
cylinder. This water must be specially prepared, so 


Chatteidie density is 1.000 gram per ml. 


F. Lower the hydrometer into the graduated cylinder. If 
the hydgometer sinks to the bottom, remove it and take 
out four or five lead shot. If the hydrometer floats 
SopresiapwelOst Or the scale is Out or the water, add. one 
Or twoflead shot to the test tube. Add or remove lead 
shot until the hydrometer floats with the second dark- 
ened line from the top of the scale slightly above the 


water. 
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G. Adjust the level at which the hydrometer floats by 
tightening the Stopper slightly so the second darkened 
mark is at the fWwater surface. Once the Level has been 
set, do not reéemiove-or-jay the stopper. This would make 
the instrument inaccurate until readjusted in "standard" 


water. 


Hs. Since the “stamderd"” water has a demstry you). 000G7 aa. 
the second darkened line represents a scale value of 
1.000g/ml. Other density values in grams per ml are 
shown in Figure 6.4. Return the standard water to the 


proper container. Use your hydrometer and graduated 





cylinder” to determine the density of tap water. 


is Detérmine thet densitres or isalt (solurlonow > a wemen 
Be sure to follow instructions regarding disposal en 
the solutions. Record the density of cach solutions am 


your notebook. 


ZZ 


Figure 6.4. Enlargement of scale in tube. 
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Interpretations 


i. ee CanWetemwiesea Wisnsicy- of N025 gramssper ml. Which 


solution has a density nearest that of sea water? 


2. sWhich-solutione do yousthink contains the most salt? 
Why? 


Pal 


TEACHER 
MATERIAL 


INVESTIGATION ©.1:.) The Hydremeter 


In this, investigation-~students will construcelamdicalabrare 


hydrometers for use later in the section. 


Materials 


Glass tubing of 6mm outside diameter should be cut an 


lengths of llcm and fire polished, on boun ends. seit sour ncee 





and files are available, students could prepare their own 
tubing after suitable instruction. They ‘should be caucioned 
about sharp edges on new ends and the danger of burns from 
Not tubing. 


TRewOne- 0 lees LOPP Suse #1, music lone Cite sia Maile aia! 


the upper (larger diameter) portion discarded. A fuliesaze 
stopper makes the hydrometer top heavy. The stopper can be 


CcUL Using shabo Tine snipssorsneavy Utne team er 

Number four lead shot may be purchased locally at sporting 
goods stores that carry reloading equipment. 

The "standard" water used to calibrate the hydrometers 
can be made by adding ditto fluid (methyl alcohol) to tap 
water Until a density tom 1000) Gram per unl eis jobeaimed lc 
water-alcohol mixture should be at room temperature. (A 
commercial hydrometer used for urine analysis provides the 
accuracy and range needed for solutions used in hiss section.) 
the solution should be stored in a closed conteimer, to peevene 
a change in density by evaporation. Although pure water at 1G 
has a density of 1.000g/ml, its use as @ standard) is not wecom- 
mended. Maintaining the temperature within tolerance is an 
unnecessary complication. 


the three salt solutions may be madé as foltowe: 
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eolutsonsA;-.Add 35 grams. of sodium chloride (table 
salt) to 965ml of distilled water,. The salinity. of this 
solution is approximately the same as that of sea water. 
At room temperature (20°C) the density will be a little less 
thane..025¢q/mlsn Although the salinity,of Solution. A,ais. the 
same as that of sea water, its density is less because of the 
effect of temperature. This effect will be studied in the next 
investigation. 

solueron B: ~Add= 300ml of distilled water to 300ml of 
solutionyA, 

Solutions®. Adds oO0m EL of distilled watersto,.l00mL. of 


Solution A. 

Procedures 

A. With the equipment specified for the student hydrometer, 
marks 1/16 inch apart correspond to density differences - 
of 0.001g/ml. 

B. No comment. 

Gyeeecaucion students not to force the glass into the stopper 
because it might break and cut them. Using water as a 
lubricant and a twisting motion while inserting the 
tubing will generally prevent breaking. 


De No comment. 


E. The standard should be stoppered until students are 


ready to use it. 


F. No comment. 


LEC 


G. >-CautiLon?- students not to™nmandle hydrometers: Poughaly 
after they have calibrated them. 


Hl Tt vou' want’ tovsaves chews tandard,-a’ labeled@eent ames 


should be provided. 


Ll. Accuracy’ within 0 20059g/mi 4s" qood.* = student hy drometers 


will probably not be as accurate as commercial modeis= 


If you want to save the solwtions, labeled "containers 





should be provided. 


Interpretations 


1. Solution A has a density nearest that of sea water. 


2e Solution A is known to contain the most salt because 
LGS density is greatest and most ditferent-tvom-nestdeneity of 
tap water. 
students may have difficulty in just#fyingecneir 


answers. Accept all™suqgestions. 
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INVESTIGATION 6.2: Density and Salinity 


In this investigation you’ will look for a relationships beryeer 


salinity (percent of dissolved salts present) and the density 


of water. 


Materials (per team) 


Hydrometer 

Graduated cylinder, 100m1 
Beakers, 600m1 

4% salt solution 


CELE ings 2od 


Procedures 


A. 


Determine the density of a 4% salt solution. Record 


your results 2m your more olouk. 

Pour 50ml of the 4% solution into a clean, dry beaker, 
and discard the remainder. Add 50ml of water to the 
beaker to make a 2% salt solution. Mix it tChoroughiy- 


Measure and record the density of the 2% salt solution. 


Pour 50m1 of the 2% salt solution into a Clean jeaag. 


beaker. Add SOml of water and mix it ©thoroughiy. 


Measure and record the density ot, this solurvom. 


L23 
Interpretations 


1. What percent was the salt solution prepared in 


Procedure D? 


2oBee HOuLyOUr Cate Ol a drapn like the one shown, in 


Figure 6.5. 


percent salt solution 
(salinity) 


1,000 1.010 1.020 1,030 1.040 
density in grams per ml 


Figure 6.5. Graph of Density and % Salinity. 


3. Use a graph to predict the salinity (percent salt) 


OmesceuWatce>. “inelcensity of Sea water is 1.025 grams per ml. 


isa 


TEACHER 
MATERIAL 


INVESTIGATION 6.2: Density and Salinity 


In this investigation students see that the density of a solution 





is directly proportional to its salt) content. sel levee sommot 
that sea water has a density of 1.025 grams per ml, corresponding 


to a salinity of 32.575. 

Materials 

The four percent salt solution can be prepared by dissolving 
25 grams of sodium chloride (table salt) in 600ml of water. 

Baby food jars or plastite cups could be suber truteen =. cat ae 
beakers. 

You might want to have one container of "standard!" (i. 000g7m ms 
water available in case students need to check or adjust their 
hydrometers. 

Procedures 

A.-E. No comment. 


Interpretations 


1. The salinity of the solution prepared im Procedures» 


ney IG. 


a. ‘sample data are shown in Figure T-6.1. 
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LEGEND 


i= 

Ss C) sample data 
a 

= 

a 

a ey interpolated value 
=fe 

oa 

a) 

c 

o = 

oO 

i“ 

@o 

a 


1000 Lolo 1.020 1.030 1.040 
density in grams per ml 


Figure T-6.1. Sample data for Interpretations 2 and 3. 


Se e266 Figure T-6.1. |The salinity is abGut°s.5%e" You may 
Pie clytsras GOOGd ODPOrLUMiIty, to ldiscuss graphing ard-interpola- 


tion of values not obtained directly. 
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INVESTIGATION 6.3: 


Density and Temperature 


When salt is added to water the density of the liquid is changed. 


Adding heat to water may also change its density. 


Try to predict 


whether adding Heat will increaségor decrease the demsaty of salt 


water. 


Materials (per team) 


Hydrometer 
Graduated cylinder, LOOm! 
"Sea" water 

Thermometer 

Tee 

Heat source 

Matches 

Ringstand and ring 

Wire gauze 


Large beaker 


Procedures 


A. 


density of ea) solution. 


Bee Obcatnmc onto sc ecewmn aise iomanmrel 
Place the graduated cylinder in 
bath and fill the beaker almost 
water. 

C. Measure the temperature of salt 


above Novae add small amounts of 


Record your prediction of the effect of heat on the 


graduated cylinder. 
the beaker water 
EO the cop wiuhiwa 


ie akc aks 


ice to the water bath. 


water. 


$25 


etle the bath and the salt solution until -thée -“selution 
us) DO Ce Chen removes the 1Cce_ from the water bath. ie 
thet salt solution is below peer warm the water bath 
until the temperature of the solution is 20°C. 

(Figure 6.6) When warming (or cooling) the salt 
solution you should carefully remove the graduated 
cylinder every so “often, cover the ‘open “end with your 


Hand seand TUM citebackcand forth to mix the “sea™ 


water. This will ensure even heating of the salt 


solution. 





Figure 6.6. Water bath set up to warm salt water in 
graduated cylinder. 


Measure and record the density of the salt solution 
O 
abnzoccs 


Continue heating (and mixing) the salt solution. 
Measure and record the density of the salt solution at 
BO Ce 40sec) and 50-C. 
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Interpretations 





1. Describe the effect of heat on the density of the 


Someone 


2. What do you think would happen to the surface water in 


a warm lake as it cools off in the fall? 
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TEACHER | 
MATERIAL 


INVESTIGATION 6.3: Density and Temperature 


The purpose of this investigation is show students that the 


density of a solution decreases as its temperature increases. 
MeACerIa lS 


Tin cans seven inches high often may be obtained from the 
echool cafeteria, Jocal restaurants or bakeries. These may be 
Wseq i Pisu of beakers. 

A "sea" water solution (3.5% NaCl) can be prepared by 
ScCinGes Grams. Of table sale co g65ml of distilled water. 

If the temperature of tap water is above 20 ¢ you will 


need ice. 
Procedures 


A. it does not matter whether or not students predict 
the effect correctly. The purpose of making a pre- 
GECEION Ls CO tnvolve the student, and perhaps make 
DImMemnore Critical in his observations. He should not 


be disappointed Tf his Prediction is Not Correct. 

B. No comment. 

GG. secaulLion scudents Mou to, Change the salinity of the 
salt,water by adding tap water or ice to the graduated 


cylinder. 


Sed.  Seein Wende change should produce a change of about 


~003 grams per ml in density. 
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Sample data: 20°C, 1.027g/ml; 30°C, 1.024g/m1; 40°C, 1.021g/m1; 


50°C 1.018g/ml1. (Results obtained from "sea" 
water prepared using tap water in place of 


distilled.) 


Interpretations 


1. Students should find that adding heat decreases the 


density. 


2. The surface water sinks when cooled and is replaced by 


warmer, less dense water from below Pesulting Sige gosta eee 


juke! Shia qeiae Iheleew 


INVESTIGATION 6.4: An Effect of Boiling 


vou have seen that warming a solution can change its density. 
What do you, think boiling would do to the density of a solution? 
Although previous investigations may have provided you with 
enough sinzormation to make a prediction, it would be wise to 


test the prediction experimentally. 
Materials 


Hydrometer 

Graduated cylindér,,100m1 
Large tin cans, 2 
Thermometer 

"Sea" water 

Heat source 

BI nGstand and rand 


Wire gauze 
Procedures 


MommcOoy Figure, o. An your motebook.. 


Sample DPenperavuLe sin le Densityeli yorams “per ml 
Original ample 
bOmLeq soap le 
Overnight Sample 


Figure 6.7. Data record for Procedures B, E and F. 


Be Obtain about 400ml of “Sea water in a can. Measure 
the temperature of the sample and record the value in 
the chart. Then measure and record the density of the 


sample. 
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Cc. Pour about 200mi "of the sample into onescanvataeteces 
it “overnight.” Set this sample asidemin ta wwermipect 


Otel lema@ ois 
D. Heat the remaining salt water in a can Until Pe pegqiae 
to sbouls JAllowtLe to bor) fon sis Of sever iit tcee. 


Then remove the heat and allow the water to cool toa 


temperature of about AQee, 
Interpretations 


1. Do you think the density of the salt water at 40°C will 


be greater than, less than, or the same as tne density of the 


original sample? Redord your answer in your notebook. 


salt 


Procedures (continued) 


EB. Test your prediction by measuring the density of the 
sample. Then take the temperature of the sample and 
record the measurements in the second row of the chart. 


Interpretations 


2. What effect does boiling have on the density of the 


water? 


3. Explain how boiling could cause the observed change. 


4. What observations have you made that would support 


your answer to Interpretation 3? 


lips) 


Procedures (continued) 


F. After the "overnight" sample prepared in Procedure C 
Nace Decleor: oul in the room. torat, least, one day, 


measure and, record its temperature and density. 


Interpretations 


5. Explain any changes in the density of the sample 
prepared in Procedure C. 


PROBLEMS 


1. At what latitudes would you expect the oceans to have 
the greatest salinity? Why? 


2e River water that flows into the oceans is usually very 
low in salinity. How do you think the oceans became as salty 


as they are? 
TOR, IENOIRM SHS ACA IEN ENG 


Design and carry out an experiment to test your answer, to 
interpretation 3. Write out your plan on paper and discuss it 


with your teacher before actually conducting the experiment. 
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TEACHER 
MATERIAL 


INVESTIGATION 6.42" “An SBTt ec won 301 iG 
In this investigation students should find that when water 
evaporates from a sample of "sea" water the salinity of the 


remaining solution increases. 


Materials 





For five teams, prepare the salt solution by adding 70 grams 
of table salt (NaCl) to 2000m1 of water. 

The tim cans should hold at least lO0Q0mlL. Use of a smalter 
container may reveal water loss when the sample is boiled. Also, 
a large surface area increases evaporation from the sample left 
overnight: 

Lf the relative Numidaty Us high div your loca cao...) cman 
be advisable to place two or three 150-watt light globes over 


the cans to increase the evaporation rate. 
Procedures 
A.-B. No comment. 
C. Direct students to place containers” in an open warm 
area of the room. Do not leave them in a closed cup- 
board. “In regions of “high humidity, iignt bulbe 


SMOUNGmOem Uses 


D. The suggested temperature of 40°C is not critical. 
Any temperature between 30°C and 50°C will do. 
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Interpretations 


1. Students who base their prediction on the results of 
investigations 6.2 and 6.3 may predict a density less than that 
of the original sample. Those who correctly predict an increase 
in density may already know the effect of evaporation on salinity 
encessnould be directed: to, venify the basis: for ithe prediction, by 


complebing “Fou Further Activity..." 
Procedures (continued) 
E. The density should be greater for the boiled sample. 
Interpretations 


Ze Boiling increases.the salinity and therefore the 


Geis eymor.e salt, solution. 


eee Nei eed lt solu On boise. Water Molecules escape, 
PEeQucimgecene wl tour ivoliume. Dalt Gemains in the solution and, 
ecea esult, Lie same amounibeomieanewes in a’ smaller volume of 
Souci wee iuSethne Cenoelty lis jmereased. In this -case, che 
decrease in density caused by raising the temperature is over- 


Shadowed by the increase in density due to increased salinity. 


A. <Any reasonable observation should be honored. The 
appearance of "steam" over the boiling solution and the reduc- 


tion in volume of the boiled sample both indicate water loss. 


Procedures (continued) 


Po wt wanps ace uged, semples should be allowed to cool 
to the temperature of the original sample before 
measuring density. Evaporation should cause an 


increase in density. 
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Interpretations 


5. The explanation is similar to that inginterpretarionmeo, 


In this case, water loss 18 not as great and tne eftecc 1 oeeiatecrs 
PROBLEMS 


1. Students may suggest that evaporation and the resultant 
increase in salinity should be greatest near the equator since 
temperatures average highest in the tropic region. Actually, 

Se Inley elas Greaues ts leLvycem 20° and 30° latitudes in both 


hemispheres. Large precipitation amounts and high humidity 





reduce the net water loss nearer the equator. The next reading 


section should help students to understand this. 


2 Rain water dissolves Salts from the sot scndmeaiet re: 
them eventually to the ocean. Water evaporates from the ocean 
and leaves the salt behind. Over billions of years this process 


has made the oceans increasingly salty. 
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FOR) FURTHER ACTIVITY 


Students could measure water loss by measuring volumes before 
and atreer boi bing < 

Evaporated water may be collected by folding a large square 
of heavy aluminum foil to form a pointed cup in the same way a 
Pilvere.paperm is sfLoldedsto, i.e. -bunnel..» Put about.20m), of, cold 
tap water in the aluminum cup and fold the edges over the con- 
tainexs co «support. ;it-above ithe boiling,water. ~.For a minute or 
SO, water vapor can be seen to condense on the cool aluminum and 


drip. backeinto the -boiling.sample.. 


cool tap water 






——aluminun cup 





beaker 


—— boiling water 


Figure T-6.2. 
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THE As soa 


Many different kinds of (Saltese arerdissolved im the Cecag-nai.) 
ef them contribute to its salinity or saltiness soc minted 
éhiorine make up''85% of Ythe'’salt. “These’ are the same “ingredients 
found “in “ordifiary table salts “The wnclusion of Sour iiore.sun— 
stances (magnesium, calcium, potassium and sulfate) brings the 
total upto 99% of tthe @ salts Pin=the vocean. 

A large number of samples from different locations has 
been studied. Although the amount of dissolved material per ml 
May vary from one sample to anciners “cNespropor olen On mrt] 
different substances, stay the seme. Dt thusssecie Enaceyvere: 
may be added to or taken awayasrom,the oceans, but the salt 
always remains in the sea. Near the mouth of a river or in 
places where it is raining the salinity may be lower than 
average. Where water is being removed by evaporation or by 
freezing, the salinity may be higher than average. What effects 


eould these changes have jon) seaywacers yand jon, ENemoceana- 
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CIRCULATION IN THE OCEANS 


Careful study of ‘surface currents in the Atlantic Ocean shows 
that more water flows north across the equator than flows 
south! 

What happens to the extra water? Is there actually a 
yearly increase in the amount of water in the North Atlantic? 
Observation shows that this is not the answer. Could the 
surplus Water "be evaporating, thus keeping sea level. constant? 
The rate of evaporation at the latitude of the North Atlantic is 
not high enough. No large-scale movement of moisture laden air 
from north to south has been detected. 

The best model appears to lie in thinking of currents deep 
beneath the surface which return as much water to the South 
Zeit teusileaves nce LOnGgabiie sumace., [here must, then,-be 
different factors controlling water movement (currents) at the 
surface and at depth. What are these factors? And what might 
cause surface water to sink or water from great depths to rise? 

SUrrace Currents seem to result primarily ‘Strom the pattern 
Oeepeevatling g~rinds. Other things, such esmrotation of ‘the 
earth and the presence of continents give the circulation a 
Complex pettercnmiesihnere is Little doubt that these currents 
PlavecteluOOrtent spare 1h Eransporting heattrom the tropics 
tou higher latitudes. 

Bboue healiver the “energy witch comes to Earci® £rom tne “sun 
Povcerleccedq back nto space and logth. elaenrest of the energy 
Warme the Garth. On the average, the earth loses heat @r about 
the same rate as it gains heat. Although there may be slow 
trends, worldwide average temperatures for land, sea and air 
do not change much from year to year. During a year there may 
bei -large variations: due, to seasons... And of course the earth is 
divided into tropic, temperate and polar regions primarily on 
the basis of temperature. But when yearly averages are figured 


POGRENeCweMcMbewecaritml there ds) Wo, notlceable trend. 
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Tropic regions havese supplusmot incoming Neat. Pola 
latitudes give up more heat than they absorb from the sun. 
The informatdon in Figuresas.6 shows saverage ocean ssumsace 


temperatures for different latitudes. 


Latitude 90°N 75°N 60°N 45-N 30°N 15°N 0 1555 SOmS 45°S 6035S UERES 
pveraie fe) fe) fe) fe) fe) fe) fe) ° ° fe) fe) fo) 
Temperature 0 5 8 eZ) Pal 28 28 26 18 12 6 3 
aay “(E 


Figure 6.8. Average temperature at the surface of the ocean for several latitudes. 


PROBLEMS 


1. Plot the temperature-latitude information on a graph 


Simi bare Loe Tou eINO.s o 


25 


average ocean surface temperature in°c 
a 


Figure 6.9. 


90 80 70 60 50 40 30 20 10 10 20 30 40 50 60 70 so 930 


° 

' 

+#————_ north latitude ——___________pt¢ —________ south _ latitude ———_______» 
latitude in degrees 


2. Why do latitudes between 15°N and 15°S have the highest 


average ocean surface temperature? 


3. On the basis of temperature, where would you expect 


the density of ocean water to bé (a) greatest? (b) least? 


information about the salinity at several latitudes is 


Given “in Figure 6. v0. 
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Latitude 60° 50° 40° 26° HE Oe 0 


Average % Se eo kegeenes Aye sce a6hn 3 rae = 3.45" 3 58~ Besse 3.54 ~“s.50° "Sc 40 
Salinity 


igure 6.10. Average percent salinity at the surface of the ocean for several latitudes. 


4. Study Figure 6.10 and compare salinity and temperature 
values at various latitudes (see Problem 1). Does the highest 


Salinity occur at the same latitudes as the highest temperature? 


De eerOD len Atay help to showeyou why *gqrapns are “orten 
used to compare data. Directly below the graph you prepared 
for Problem 1, make a graph of the data shown in Figure 6.10. 
Taejgranh shotld-be~similar-to-Piqure—oshit 





> : 
= 3.46 
ce 
oO 
a” 
xs 
oO 
3.36 
to] 
i 
@® 
> 
5 
Picurero.LL. art 
OO NNN CONN Om CONS ONES ONS ONE 2 ONION mil ON ZONES ON 4 ONS ORC ON 70,95 80) 9190 
' 
<q north latitude south latitude —______» 


: Pi< 
latitude in degrees 


6. Recall the effect that temperature change has/on, the 
density of water. Remember, too, the effect of percentesalinity 
on density. Would you expect the density of sea water to be 
greater at the equator (0° latitude) or at 25° latitude? Give 


reasons for iV OUT Sats Wie i. 
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Evaporatton, ratnrall and temperature Changes aligartecr 
the density of sea water. When water brought into an area by 
a currentlis.colderson more sally thane tie. cum counct naive me a, 
the more dense water will sink. Deep water circulation patterns 


are COonerol] Led sby cCempeibare Ue a Se cine) epee WC cme tle (ele lee 





ocean basins. Throughout most of the oceans there 1s apstaple 
arrangement of density layers. This information is indicated 
by the data in Figure 6.12. At greater depths the temperature 


Ls Colder amc wie Wwercee 1S more dense. 


Depth in Meters Average Temperature in mae 








0 BA 

250 O° 

500 on 

oF 1000 Ao 





Figure 6.12. Average ocean temperatures at several depths 
in the temperate region. 


7. Plot the temperature-depth information on a graph 


Samia ae LO Fag Ure WG ear 


25 


= a ~ 
° oa fe) 


average temperature in°c 


a 


(0) 250 500 750 1000 
depth in meters 


Figure 6.13. Graph for Problem 7. 
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8. In what range of depth does the most rapid temperature 


change take place? 


oe Why 1s it reasonable to expect that water will have very 


little tendency to move upward from the ocean floor? 


Tiestendency of the deep wetter to remain far below the 
SUPrace mies Serious Consequences for ocean plants and animals. 
The phosphates, nitrates and other minerals needed by living 
things get used up near the surface. Decay of dead things near 
the bottom makes the water there rich in substances needed for 
life. Where the wind blows in the proper direction along a 
cOastline;| currents can move surface water off shore. The deep 
water then moves upward to replace the surface water. It brings 
With Le the NUcrients that plants, and animals need jto* grow well. 
The fishing industries in coastal waters off Peru and California 
take advantage of this condition. The upward movement of deep 
water brings great economic advantage to locations where it 


©CCULES.. 
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TEACHER 
MATERIAL 


CIRCULATION IN THE OCEANS 


The concepts learned in the laboratory can be applied to a model 
for ocean currents. The problems provide data for the develop- 


ment of the model. 


PROBLEMS 


1. See Figure.T-6.3.. Caution students Go leave space 


below this qraph for Problems. 


ture in °c 
uw 
° 


n 
a 


ny 
° 


fo) 


average ocean surface tempera 
a a 


90 70 50 30 10 fo) 10 30 50 70 90 


1 
latitude in degrees 


Figure T-6.3. Sample graph for Problem 1. 


2. The days are always about 12 hours long near the equator 


SO -there gis no winter “season for cooling iors. 


3. Density decreases as temperature increases. On the 





basis of temperature alone the greatest density would be 


expected at the poles and the smallest at the equator. 


4. "Caréerul™ study ofr tne® tables: should Teveal) titeteeme 


greatest salinity does not occur at the same latitudes as the 
maximum temperature. 
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5. By placing the graphs one below the other, the answer 
tosthe, ques tion casked, in -Problem.4 (should be obvious.+ This 
technique should point out one of the advantages of graphic 


representation. 


3.36 


3.26 


Figure- T-6.4. Sample graphs for Problem 5. 
6. the density—-should be greater at 25° latitude than at 
the equator because’ higher temperature means lower density and 


lower salinity means lower density. 


7. see Figure T-6.5. 


25 


20 


a 


average temperature in°c 
a 3 


° 250 500 750 1000 
depth in meters 


Figure T-6.5. Sample graph for Problem 7. 
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8. Inspection of the graph shows the steepest slope (and 
therefore the most rapid rate) occurs between 250 and 500 meters 
depth. 


9. The densest water sinks the lowest, so gravity will 


act against any force that tends to bring that watér upward. 


ry (Meavur 
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INVESTIGATION 6.5: Gases Dissolved in Water 


Plants and animals that live in the ocean need material from 
above as well as from below. Gases from the atmosphere are as 
important to sea life as are nutrients from the ocean depths. 
Green plants need carbon dioxide in order to live and grow. 

As plants use up carbon dioxide they produce oxygen. Land 
plants get carbon dioxide from the air and release oxygen into 
the air. This investigation may help you to understand problems 
es 2OCiated with the supply sand produce om of gases by ocean 


plants’. 
Materials (per team) 


indacazor solution 
Graduated cylinder 
Jan without laird 
Jai warthy Plaid 


Drinking straw 
Procedures 


A. Obtain 50ml1 of indicator solution. Pour it into the 
jar for which there is a lid. "Record the color of mene 


solugion in your notebook. 


B. Put the straw in the solution. Gently blow through the 
straw until a definite color change is observed. Record 


ene EGOlOr wie cine Solwuiesloa. 


C. Measure 25ml of the solution used in Procedure B into 
the second jar. Leave the remainder in the first jar 


and put a lid on it. Label both jars for identification 
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and put them in an open area where they will not be 


disturbed. Leave them there overnight. 
Interpretations 
oewWhae are the princrpal gases present -in-your lungs? 


2. What do you think caused the indicator to change 


COMeonae 


3. Outline an investigation that would test gases to find 


CiemgnciIMmm=Se ESPON lve Ga Catol sso lUleton . 
Procedures (continued) 


Dw Observe the jars you allowed to stand overnight. Record 


ene color oO: Gach Solution. 
Interpretations 


Ae Wy vaor YOu cin yOu were Instructed to put ‘ay lid’ on 


one jar? 


5. How can you -explain‘ehanges: mn color that’ occurred 


overnight? 


Oe How 'can thesresults or thils-anvestigation be rélated 


to plants growing below the surface of the ocean? 
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TEACHER 
MATERIAL 


INVESTIGATION 6.5: Gases Dissolved in Wares 

In this investigation students see that gases cam be absorbed 
into water from the air and that they can be lost again from 
the solution to the atmosphere. 


Materials 


Tndicator Solution: Stir bromibhymolk lve powders ire are 





iG a) (esses, into 500ml of water until» the solutiom Macuaneien 


color. The color will be either bluéjyeqreemior yellovwmeerendiag 





on the sample of water. Bromthymol blue is an acid-base indicator 
which is, blue win basic, -greenpan neutral siendiy citowme Mee cidie 
solutions. The color change is reversible by adding acid or 
base to the solution. Add acid (to a blue solution) or base 
(Eo a yellow solution), a drop at a time, untalethescolurione- 
green. Ihe solution is nearly readyewhen a drop Cfsaciaawee. 
make the, entire solution, change, to yellow anda) coupleyot idrops 
of base will change it from yellow to blue. Be sure the solu 
tion is kept stoppered since it reacts with CO, ig TENE. ellie Wine 
color should be green when the students get it. 
Base SsoluciOn tO prepare indicator: Addw0.2 oransmo- 
sodium hydroxide (Caution--Caustic) to 100m) of water. 
Acid solution, to, prepare; indicator:.-Add Imi. of ,cencentrated 
hydrochloric acide( Caution. Caustic) oe 200mle ofs water: 
Jars: Baby food jars are excellent and usually freeys 
Optional materials (if you want to demonstrate answers 
to some of the interprétations): 
Cylinders of oxygen, nitrogen, and carbon dioxide 
(or baking soda--sodium bicarbonate) 
Diduve Nydrochloric acid 
Eplenmeyes Slash, 250ml 
Plasuue bags, shiduarkesicae 
Rubber tubing 


Mineral orl,» 1 Omi. 


137b 


Procedures 


Ae ihe color-of the indicator solution should be green. 


B. As carbon dioxide from the breath dissolves in the 
SOlUuLLON it forms Carbonic acid. The color will change 
from green to yellow, probably after one or two deep 
breaths have been bubbled through the solution. 


C. The student samples should not be placed in a cupboard 
or closet. They need to be exposed to the free movement 


(one flaies 


Interpretations 


l. You may need to discuss with students the answer to 
this question. The breath contains nitrogen, oxygen and carbon 


dioxide. 


PomeOCELIIIG. POInt tie COlbee. answer is noteegsential, but 


students may guess that carbon dioxide is responsible. 


Be ~cLudents should suggese bubbling Known: samples of gas 
ChpCUGimelem id LCalLOn aid. Observing Golor Changes. Ili cylinders 
Orecacwelcuavarlable,wattacn the mubber tubing and gently bubble 
Hibcrogen, Oxygen and “@inally carbon dioxide through the solution. 


OntyeCOAewilt produce a color change. 


if cylinders are not available, move a plastic bag 
Ve QulmcnemAlimGo LiliveLen Uhiviy mold the mouth of tire bag 
around the tubing and squeeze the bag to force air (nitrogen 
and oxygen) through the solution (no change). Then flatten 
the bag. Put baking soda into the erlenmeyer flask and add 
DVULOCILOLICeaCidecOrcic tidsk and hold ‘the mouth of the bag 


PoGivilymoLOunGm wie COD On Lhientask. Cabborn, dioxide will “be 


U3i7e 


generated, and if enough soda and acid are used, the bag can be 
filled. Remove the bag from the flask and put the tubigg ier, 
in the bag... Tightly hold, the bag around, the tubing ang sqice7. 


the bag, forcing CO, to bubble through the solution. The andiceror 


2 
will turn yellow. 


Procedures (continued) 

D. The jar that was left. open will change color by (tie 
next day. .-The, jar witha lid) should remainvaboute ene 
Same, COLOr Was UL wascetcneudays Der ome. 


Interpretations 


42° the Wid orevencs CO, 


You May want to repeat, Procedures B.C and Dl ebuc poursminerca. 


from escaping into the atmosphere. 


oil on top to prevent gas exchange with the atmosphere. (Do 
mot Use vegetable oil because it reacts witm cerensolUuLiod.. am 
er sample vest, utneryellow eoloricauced by CO, persisted for 


more than two weeks. 


5. Ihe color change of the indicator .cerresponds tome 


Gdeckease dipolssolved CO.- HOE IMEI ewe ag els CO, must have 


SS capped 7 som) Ene, sour aOny unt Ope lew ai. 


6. This investigation showed that CO, can be absorbed from 


2 
ailb Anco, Water andy escape from water intoveair. Lb Maye oom ee a 


by water in regions where the dissolved supply is depleted by 
Laie Creole. 
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OPTIONAL DEMONSTRATION: The Effect of Temperature on the 
Solubility of Gases 


Tne purposeso se the demonstration, isitoeashow: that as the tempera- 
EULeJOig et liquid Wigs increased tts.ability to absorb gas is 
decreased. ))o not. tell. students the title, as it may give-away 


the purpose of the demonstration prematurely. 


Materials 


Erlenmeyer flasks (250m1), 2 
HvO-NoLeletopper stoi titlasks.«2 
Indieator solution 

Hot! plate» or burner 

Thermometer 


Glass. tubing 


Assemble the apparatus as shown in Figure T-6.6. 


blow in here 


Figure yvi-6.0-85 set up stor 


Demonstration. 
indicator indicator 
solution at solution at 
about 40°c about 20°c 


Ask students to predict what will happen when you blow into 
the tubing. (Do not tell them the two flasks are at different 
temperatures.) Record their predictions on the board. Then 
blow into the solutions. (The warm solution will remain green 
while the cool one turns yellow. This is a result of the fact 
that warm solutions will not absorb as much gas as cold solutions.) 
Ask students to propose models for what they have observed. 
Discuss their answers and ask them to support their ideas. 
Finally let someone examine the apparatus in detail. The 
temperature difference should be noted. In discussing the 
effect of temperature on solubility of gases in liquids, point 
out that atmospheric gases can be expected to dissolve more 


readily in cold climates than in warm ones. 
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GASES AND WATER QUALITY 


Oxygen is a gas which is essential to living things on Earth. 
Since we live on dry land andyobtaitr our oxygew trom cite 
atmosphere, we tend to think of the atmosphere as being the 
Main reservoir of oxyden for the earth. In realseyevesc 
amounts of oxygen, nitrogen, carbon dioxide and other gases 

are dissolved in the oceans. (Dissolved oxygen is mixed with 
water and can easily be removed from it. This is the oxygen 
which is referred to, not the combined oxygen which makes up the 
OTpaxrt of HO.) 

Most of the oxygen which eventually finds its way into the 
atmosphere is produced by plants living in the oceans. The 
gills of fish are adapted for removing dissolved oxygen from 
water; the lungs of men and other land animals are suited for 
use of the oxygen in the atmosphere. 

Some solids (salt for example) will dissolve in water more 
easily than will others (such as sulfur). Similarly, some gases 
will dissolve more easily than will others. Carbon dioxide is 
extremely soluble. The result is that the oceans serve as a 
reservoir of Jcarbon dioxide. M@itror some reason ia fare] mous 


O© carbon dioxide were removed from tne atmospiiere., te wou wom 





replaced by? mors carbon dioxide €omimg out Brom solucrom ari r 
oceans. Or if an excess of carbon dioxide were produced in the 
atmosphere, much of it would be absorbed by the oceans. Thus 
the oceans keep the amounts of gases in the atmosphere more 
constant than would be the case on a waterless planet. 

As your investigations may have shown, an increase in 
temperature reduces the amount of a gas which can remain dissolved 
in ‘water. Power plants are often cooled-by water, which®is 
heated in the plant and then returned to oceans, rivers or lakes. 
This raises the temperature of the water locally and reduces 


the amounts of dissolved oxygen and carbon dioxide. Fish may 
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not belable to survive the shortage of oxygen. _Plants.may also 
die as.a_ result of the.carbon dioxide shortage... Although such 
Serle Ussarelceneral ivy Local, aneimportant fact is, illustrated: 
If ocean temperature changes were widespread there would be 
large-scale changes in the types--and number--of organisms 
Iivindsin thessea. Tt should besnoted that about,70% of the 
oxygen produced on the earth is made by plants which live in 
the sea. 

Preesurervetlco plays.an important .part.in.determining,the 
amount of gas which can be dissolved in water. You may have 
noticed that when the lid is removed from a bottle of a carbonated 
soft drink the dissolved carbon dioxide comes out of solution 
rapidly. The effect is most obvious when the beverage is warm 
eGo cme Ol Licy a ctO old diese lvedrgas 15 glow. 

Pressures are greater at greater depths in the ocean. 
EBnierteLOore MOres oF the Gases. isuch asitoxygen and carbon’ dioxide 


can be dissolved in water deep below the surface. It would then 





appear that plants and animals, which depend upon the dissolved 
Gases eahoulG be more numerous deep in the oceans than near. the 
surface. 

BUGLtRwe =i S Net what actually happens. gyMich of -the lite 
in the oceans is found close to the ocean surface. . Sunlight 
will only penetrate to depths of a few meters beneath the surface. 
Therefore plants which depend upon sunlight for their energy are 
common only in the upper levels of the ocean. Sea animals which 
dependmmpow Dp Lancs cor theimtood sare, Win turn, reskrricted co 
Ghe upper levels of the ocean. 

Even dtelight could pénetrate.to great depths it,is ;unlikely 
that plantsecould survive very fam from the ocean sumiace. 


Actively growing plants require much carbon dioxide and produce 





mMuchmoxyoen. sAc the surctace of the sea” these gases! enter and 
heaves the waréas An which plant lite is active... .Waves which 


Giles tem che msUrsaCce Oblstne ocean anckease the amount. of water 
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which is in contact with the atmosphere. The result is that 
exchange of gases can take place very rapidly near the surface 
and only very slowly in the undisturbed, deeper parts of oceans. 
Near shorelines, where breaking waves are Common, Gas exchange 


between ocean and atmosphere is most rapid. 





Figure 6.14. The Pacific coast. 
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Spillways around dams cause much turbulence (churning) in 
the water going through them. This should provide a plentiful 
Supply of Oxygen for migrating fish. But too much of a good 
thing can have disastreus effects. In addition to the extra 
oxygen churned into the water, large amounts of nitrogen are 
dissolved from the atmosphere. This excess of nitrogen, which 
is normally not very soluble, can kill certain types of fish. 
JietCrsecce lousOmewnatesinitatre co "nitrogen narcosis, "a preblem 
facing scuba divers who breathe high concentrations of nitrogen 
when diving at depth. 

The delicate balance of gases necessary for life in lakes, 
rivers and oceans is sometimes upset by the dumping of sewage. 
Sewage contains materials which serve as nutrients (food) for 
certain types of bacteria. These bacteria can increase in 
numbers very rapidly when conditions are right. With the addi- 
ELON OLesewage to=waters, ‘enormous: numbers’ of- bacteria are*able 
to develop in avery short time. These bacteria use oxygen 
which they obtain from the water. There may be insufficient 
Cry eermrereeroOr=sicladnd Olner=Larger =torms of lire ;“andtthese 
in turn die. Even if the bacteria themselves die off, it may 
Cacem calcu ODNCOnudILiIons tO again reach the proper balance for 
the larger types of life to return. 

Gases can be exchanged with the atmosphere only at the sur- 
bacewOLsambody Of water. Nutrients are brought up from the 
depths by upwelling water. Thus a knowledge of the depth of a 
body of water is essential to understanding life processes in 
it pelIerne nex anvestigations you wild considemmethods for 


finding the depth of a body of water. 
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TEACHER 
MATERIAL 


OPTIONAL INVESTIGATION: Water Samples From Beneath the Surface 


Preceding investigations have made students aware of changes in 
water temperature, density, salinity and so forth with changes 
in depth. Oceanographers wishing to determine the properties 
of water at varying depths are sometimes able to obtain their 
data by means of instruments which can be lowered from a ship. 
At other times it is necessary for them to obtain actual samples 


of water from some particular level. 





A typical. container designed.for this purpose consistseeeiva 


metal "bottle" which is lowered to a pre-determined depth ona 





weighted cable. A "messenger" weight is then slid down the 
eable. This, causesythe bottle ctopgopen, ait yand bemeappecr. 
The sample is then retrieved. 

In this investigation students should be challenged to 
develop a device which will obtain a water sample from beneath 


the surface. 


Materials 


SRergel ste; 

Thread 

Weights 

Vials or test tubes 

Gallon cans filled with water 
Tape 

Paper clips 

IES, 
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Procedures 


A. 


Explain the purpose of the investigation to students 
but. do not describe devices which are conventionally 
used’ Tor the purpose. = limpractice, sampling? bottles 
must be closed until lowered to the depth at which the 


sample Ts" tobe “procured Amr trapped “in ‘an inverted, 





oper container* will mot’ exert ‘sufficient’ pressure*to 
exclude water from entering the bottle before it 


reaches the desired depth. The bottle should also be 





recapped after the sample is taken to prevent mixing 
of the sample with water from lesser depths as it is 
retrieved. Such refinements are probably not necessary 
for the shallow depths in which student devices will 


operate. 


Provide students with materials and allow each team to 


build its own water-sampling device. 


Allow each team to describe and demonstrate the device 
it has constructed. Call for suggested improvements to 
devices and encourage students to continue development 


OMe Neunia MO W iare 
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INVESTIGATION 6.6: Probing the Depths 


Have you ever wondered.what the bottom of a nearby lake looks 


like? 


If you spend much time fishing,in the lake you may find 


it worthwhile to know where the deep parts and shallow parts are. 


If you were a ship's captain, knowledge of shallow areas along 


ocean routes would be very important. In this investigation 


you will be challenged to determine what the bottom of a con- 


tainer "looks: like™ without vactually. seeing. ia . 


Materials (per team) 


One gallon, can. of liquid of unknown, depth 
Lead, weignt jarl/2 OZ. 

String 

Glass) tubing, omm O.D. 

Ruler 

Wire screen, 1/72!) mean sous oan! 

Graph paper, 1/2" squid 

Masking tape 

Paper clips 

Toothpick 


Procedures 


Ane 


Obtain a numbered can from your teacher. Be careful 
not to spill any of the liquid from the can.) Record 
the number of the container in your notebook. Place 
the can on the center of a piece of graph paper and 

trace its outline on the paper. Mark the) ocutcline 


north, south, east and west as shown in Figure 6.15. 
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Figure 6.15. 


Bommeue a piece or glass wubing Ebe length of your ruler. 


Tape the tubing to the ruler as shown in Figure 6.16. 
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Figure 6.16. 
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Center the piece of wire screen over the top of the 





Cam. Selurhn piece So qehe.seam is facing you.» Hang 

a paper clip on a segment of wire next to the seam. 
Mark a small piece of masking tape with the letter 

US teanGd stick alt ho thespaper.clip. .Now the seam of 
the can represents direction "south." Hang labeled 
Papearclips wuorrepresent "north, vo"east! and "west" 
Caguce 6.1/0). Sin addition to Andveating udirection, 
the paper clips also are used as guides in keeping the 


wire grid centered over the can. 











west —— Dee east 
eS —— Ome A Seas 
a 





seam 


Figure 6.17. 


Cub aupLece oo. stiging about SOcm tong. “The one end te 
the weight, thread the string through the tubing, and 
tie thevother end of the string to the toothpick. (Be 
Mreetne LOocuipiek ads tied to the string at the ow 
end of the centimeter scale of the ruler.) Hold the 
ruler vertical and allow at to rest on the wire screen. 
Lowermche WelLGnt Unc GGbojust touches the suriace of 
the liquid. Wrap a small piece of tape aroundwsthe 
StLiIng Witineitcs Jowerredge ever with the zero mark on 


the ruler. 
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E. Place the depth finder over the square nearest the 


"north" marker. Lower the weight until it touches 


bottom. Read the number on the ruler indicated by the 


bottom of the tape marker on the string. Record the 


value in the corresponding square on the graph paper. 


Continue probing in all-the squares im the "sert)-—soucw. 


row and record your readings." Obtain*velvies=nor tite 


Neast-weste = Towser Squares. 
Interpretations 


1. Draw one profile of what you think the bottom 
like along the "east-west" line and a separate profile 


inerwenaosourela" Ihaline = 


2. HOw eran sbe low ene wsUlisnaGenOnme ne Wecer sme ne 


point in the container? The shallowest? 


3. Do you think you have an accurate idea of the 


or the cari? If )nou, what could vou cdo to, ineroves our 


looks 
for the 


deepest 


bottom 


idea? 


4. What limitations would this method of depth finding 


have in larger bodies of water? 
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TEACHER 
MATERIAL 


INVESTIGATION 6.6: Probing the Depths 


The investigation shows students how a knowledge of the profile 
of the bottom of a water body can be built up through systematic 


observations. 


Materials (for six teams.) 


The containers should be one-gallon tin cans prepared and 
numbered the day before student use to allow the bottoms to 
Eoeu-Up |e LOrDrecpere CtChescans,; addiplaster or Paris £o about 
500ml water until a medium paste is obtained. Tilt the cans by 
placing one edge on a board or object about two inches high. 


Divide the paste evenly between the cans to forma slant in 





each. See Figure T-6.7. 


—-gallon can 


Figure £-6./. 


plaster of paris 


koe slant 
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The steepness of the slant may, of course, be varied to 
suit your particular needs. When the slants have hardened, 
prepare another paste, reverse the cans, and pour an opposing 
slant to form a "V" in the bottom of the: can viayA) third year cr 
Slant, can be, poured at, one send jor the iV" stotpormean. tamelac 
complexity of the bottom configuration may be varied to suit 
student abilities. Since students will use the seam as a refer- 
ence point, the slants in ‘different cans should be poured in 
varying positions relative to the seam. The plaster of Paris 
will not dissolve when covered with water, but the slants may 
become disloged with rough handling especially after prolonged 
soaking. (This, however, permits reuse rot thescontainens.m elt 
more permanent slants are desired, ready-mix cement may be sub- 
Sieiicuneee! iO jOllaSieet OF Paes 

You will need about three pounds of plaster _ of Paris to 
prepare six cans. 

Lead fishing weights small enough to fit through the wire 


mesh can be purchased at local sporting goods stores. 





The wire screen (hardware cloth) may be purchased locally 
and cut into 8" x 8" squares. The sharp edges may be bent over 
Or covered with tape to prevent cuts. 

An opaque solution to "hide" the bottom can be prepared by 


adding non-fat powdered milk to water in the cans. 
Procedures 


A. Make 10 clear to students that good (datayandy vegies 
interpretations are the goals of this investigation 
(as is the case in all investigations), not an exact 
answer. They should not reach into the can or pour 
out the milk-water, but accept the challenge to 
Indivectly "look" at then botran. 


B. You may want to precut and fire-polish the tubing. 


Cems No comment. 


E. vee sample response, Figure T-6.8. 


513. 
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Figure T-6.8. 


Interpretations 
1.-2. Answers will depend on your pouring pattern. 


Sombie Lelatively small number or probes leaves more area 


of the bottom unsampled than sampled. Improving the profile 
would require more probing. Encourage interested students to 
continue probing until a complete record is obtained. This 
activity also offers a clear-cut example of model building and 


improvement which you may want to discuss with the class. 
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ewe LLIN es Cine weight sounding is not practical tovelerge 
deep bodies of water and it is comparatively slow. A descrip- 


tion of an actual sounding program is given in tie stugenteitexc. 
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OCEAN SOUNDING 


The first organized study of the ocean floor was started by the 
PeLoueieon vou Challengers ar tie = so70"Ss, ~“Ayour mile long 
cable with a weight at one end was used to measure depth. More 
thar S60" measurements were-made, but the accuracy Lert much to 
De des Ped.) = Ocean Currents eased thetrcable to’curve, “making 
the depth seem greater than it actually was. The amount of 
stretch in the cable depended upon the length used, the tempera- 
Dime ocean) CUuprents and other factors. But depth was measured 
according to marks on the cable. Perhaps you ‘can imagine the 
Similar difficulty you would have using a ruler printed on a 
Bubbery band. 
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TEACHER 
MATERIAL 


INQUIRY DEMONSTRATION: Bouncing-Ball "Sonar" 


This demonstration is designed to familiarize students with the 


principles of SONAR as. used to determine ocean floor profiles. 
Materials 


"Super Bally! Ind 7,2 diameter 
Concrete, building blocs, a 7. l/72 xaa) 7 oe (9) 
large cardboard carton 


Butcher paper (optional) 
Proceduses 


Before students enter the room, stack the blocks on the 
floor behind your desk or demonstration table. If such a shield 
is not available, you will have to Construct a screcemoresurege 
paper taped to chair backs or other uprights. The blocks )ehnoura 
not be in view of any students in the room. Keep the blocks 
hadden from entering students by Covering tiie stack wicmwan 


inverted carton, until you are ready to begin the demonstration. 


A. Atter the students are seated uncover thes Ocicemame 
quietly arrange them into stacks as shown under 
Profile 1, Fagure T-6.9.. The nature oO: Vine toloc team. 


their arrangement should not be disclosed to the class. 
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FAB BEE 


profile | profile 2 


Ae oF. 


profile 3 profile 4 | inch board 


Figure T-6.9. 


Ask students to make observations as you drop the Super 
Ball several times Lo the floor and .catch the rebound. 
Drop the ball from about the same height (preferably 


from just above your head) each time. 


Ask students to describe briefly what they saw. (One 
possible observation here is that.the ball, bounces up 
to the same height each time. Do not, prolong this 


discussion.) 


Now drop the ball several times so it bounces from the 
top of the two-block stack. Ask for a comparison of 
thet irec set ot crops and tenis set. . (Students are 
likely to say the sound was different between the two 


Setanoe drops.) tne bounce is about the same height for 
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both sets. If no other comparisons are made, /drop the 
ball again on floor and blocks and press fon werier 


observations.» 


If no one suggests it, ask if they think the) bales 


the second’ set of drops is bouncing off) someting above 





floor level. If so, ‘how far above taloor Bevel assia 





after some discussion; the majority of pe uclagc canio: 
make a judgment, you may tell them the height of the 
blocks and verity thie tor the class by d=ope migee i 


baliaton =loeor and sb locwsemisiemieral mone wtamesr. 


Engage the class in a discussion of exactly what obser- 
vations are necessary to determine the height of the 
rebounding pwsuUrrace. Many students who are able to 
distinguish between heights may not be able to verbalize 


the cGiules! that enable them to male ene distinction. 





One way heights may be determined is by comparing the 
time it takes between the visual disappearance of the 


ball and sound of the bounce from differing heights. 


ASk students to draw a Strarghic wine tactose mele socmcom 





of a piece of paper. The line is a reference and repre- 





sents the floor level. A second line near the top of 


the paper is a reference representing the top of the 





demonstration table or butcher paper screen. The 
students are to draw short horizontal lines between 


the reference lines to indicate relative heights and 





positions of bounce surfaces as) youlcdrop che: baliaitod 


each stack. 


Drop the ball several times on each stack. Assign 
each stack “a number as You do this. You may ed@eccm ac 
drop the bali on the floor occasionally te merece 


student minds. Allow students to suggest drop patterns 





to help them make their judgments. 


You-may~then -want-to-davulge the stack profile to 
reinforce their work. Change the profile two or three 
times and-allow them to draw the new height patterns. 
Some possible profiles are shown in Figure T-6.9, 
Peotiless2, oo ande4. 
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SONAR 


In 1922 a new method for measuring ocean depths was developed. 
Sound waves can be reflected from the bottom of the ocean. By 
measuring the time it takes sound waves to go from a boat to the 
ocean floor and bounce: back, the distance can De caleuMaced. 
Sonar is the name of this systems. The name® comes? trom=an 
abbreviation of sound navigation and ranging (ranging means 
measuring distance). During World War II sonar was improved. 
It was used for navigation and for detecting submarines. vie 
is now a standard mavigational toolwand Ws UserUletontie:? vsti. 
Bleecte Lom lOcatinds sciools en maiesiin 

In sea water, sound travels at about P4o0"meters per esecoua 
(nearly a mile per second). Because of the great speed, this 
method is as quick as it is convenient. “A contanueus prorite 
along the ocean floor has been made for many locations. Maps 
constructed from such data have been used by geologists to 


develop theories about the way the earth's surface is changing. 


PROBLEMS 


1. Figure 6.18 provides information about the depth of the 
Atlantic Ocean along latitude 39°N. ' The depth measurements begin 
on the coast of New Jersey and go straight across the Atlantic 
to Portugal. 

Draw+a line -across the top ofa shece Or -Grapn paper 
and label the line “sea level." Use the®*data in Figure 6. lore 


make a profile map (side view) of the ocean floor along 39°N 
latitude. 
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Distance from 


New Jersey O 160 200 500 800 TO50 
in Kilometers 

Depth of 

Ocean Floor O HES 1800 3500 4600 5450 


in Meters 





Distance from 


New Jersey 10) 1800 2000 ZOO 2400 2600 
in Kilometers 

Depth of 

Ocean Floor 5100 5300 5600 ALT SO) 3500 3400) 


tne Meters 


Distance “Erom 


New Jersey 3000 S200 BA50 35,50 3600 3700) 
in Kilometers 

Depth of 

Ocean Floor 4300 3900 3400 2100 L330 IPE) 


in Meters 


Distance from 


New Jersey Bo 5.0 4000 4100 A350 4500 5000 
in Kilometers 

Depth of 

Ocean Floor 1000 O 1800 B65 0 5100 5000 


in Meters 





Distance from 


New Jersey 5G OO 5450 SOO 5600 5650 
in Kilometers 

Depthyos 

Ocean Floor 4200 1800 920 180 O 


in Meters 





Figure 6.18. Sonar measurements of the depth of the ocean 
floor along latitude 39°N from New Jersey to 
Portugal. 


2. If all the water were removed from the Atlantic Ocean, 
how would you describe the feature occurring between 2000 


kilometers and 4500 kilometers east of New Jersey? 
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c) The U. S. Navy Sealab, before its use in the 
Pacific waters off Long Beach, California. 


BSS 


In this section you have investigated some of the properties 
OF Wereeiee== = Orten happens, the ideas in this area have led to 
problems in other fields. 

Gree O8CUrtents ere Cailsed by prevailing winds, but what 
causes the wind? 

What effect does the heat stored and transported by the 
ocean have on weather? 

PYBDOLeLLOn changes, the salinity of sea water, but what 
are the geologic effects of the evaporated water? 

The oceans are a very ancient feature of the earth--what 
details of the earth's history are provided by the oceans? 

HOW Vel ene stuucture of Ghe ocean floor related to such 
things as jearthquakes, mountain ranges, and the shapes of 
continents? 

These are some of the questions that will be considered in 
the sections that follow. 
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TEACHER 
MATERIAL 
PROBLEMS 
1. See Figure T-6.10. 
New Jersey sea level Portugal 


LS ae 
i TA 
ey | ee 


hers 1000 2000 3000 4000 5000 6000 
distance east of New Jersey in kilometers 


depth of ocean floor in meters 


Figure T-6.10. Sample graph for Problem 1. 


2. , Lhe-feature’ Vooks slike va “mountainwrancge. = eles) =e. 
of the Mid-Atlantic Ridge, a mountain range which extends from 


Heetlaned wa lms coven Mea ne calcar. 
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Section Seven: 


Time and Change 





PREVIEW 


Major ideas of the section are the immensity of geologic 
time, the ways by which evidence of past life has been 
preserved, Changes sinilife forms through time, the geologic 
eimemsce le owieme Mechanism i hrougi which changes ain elite 
forms have occurred, and the implications of such changes 
for man as a species. 

iMiie seCe1 on jopens wath wai Student sinvestigation involving 
estimation jor shore time antervals. Longer itime vintervals 
aregnione di tiircu lity Coycomprehend j.ecor model for ghonger 
PilliewinGcenvels) teedeveloped., Imckt.» time, intervalsi.are 
considered analagous to the thickness of a geologic "diary." 


Bossils and he datfherences between fossilized Lite 





forms and present-day types are considered in two short 
Ledcmng Wel ecuronssae Ine geologue timesscale is introduced, 
and in an activity (Investigation 7.2) students plot char- 
actemist ve, iepe worse inyyctheirrapproprrare iplaces ‘onthe 
scale. 

Lienwea modeds fomichanges: «ny tite ormns, as); introduced. 


It consists of thinking of four repeated steps: overpopula- 





CIOM evar leatalorn,, Lesting,), and survaval. 


An optional inquiry demonstration uses drosophila to 
illustrate the tremendous reproductive capacity of some 
species. NOTE: If you plan to perform this inquiry 


demonstration please refer now to pp. 177c et. seq. 





L53sc 


Examples are given of life forms which have apparently 


changed through time, and the model for change! ts 2 po ed. 


Students then calculate the rates at which change must occur 


inorder “to produce 


Ceineaalin sFOS Sait 


the ebsenvicds cesuiles Ainwrneus OScHaiaoeerscre 


species are shown to be indicative of 


characteristic climetie@ conditrone aa tempest. lester 


of the recent ice ages is considered,) and the section.closes 





with a suggestion o! 


fF man's growing ability to-cause major 


changes in the environment. 
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Section Seven: 


Time and Change 


You have already studied many changes that occur in your 
envircnment--day changes to night, night to day; spring to 
summer, fall to winter, As the seasons pass daily tempera- 
tures change, as do star positions, moon phases and the 
amount of rain, The living things around you change, Leaves 
turn brown and fall from trees, grass "dies " birds migrate 
north and south to find suitable nesting grounds, You are 
also changing, You are probably getting taller and gaining 
weight. Each day millions of cells in your body die and 
are replaced by new cells. People born in the beginning 

of this century have witnessed an incredible amount of 
change in the way people live, work, and amuse themselves, 
You can probably think of many more examples of change 

that are important to your daily lives, 

In nature, change is the rule not the exception, It 
would be impossible for anyone to describe something about 
the earth that is not in a state of change, Everything is 
changing, Some changes take place very slowly and are 
difficult to detect. In fact some changes cake place so 
slowly that an entire lifetime could be spent trying to 
detect them, For example the speed of the earth's rotation 


slows down by a very small fraction of a second in a century. 
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But an “entire lifetime" is not really a very long 
time compared to the length of time that the earth has 
existed, What is a long time--a thousand years, ten 
thousand years, a million years? What is a short time-- 

a minute, a half a minute, a second, a tenth of a second? 

To understand some kinds of change you must first 
develop a model of time, In the following investigation 
you will have an opportunity to develop a way of thinking 
(a model) about time that should help you understand the 
changes in the plants and animals that have lived on Earth 


iiieLeSmLOnganis conmy. 


INVESTIGATION 7.1: Constructing a Model for Time 


In your everyday life you use many different units of 

time. These time units include seconds, minutes, weeks, 
and years, In thinking about changes of the earth and 
changes in things that live on Earth these units may be 

too short. You will have to think in terms of thousands, 
millions and billions of years, These are difficult 

time intervals to understand, You have more experience 
with how long a second or a minute is, than with the length 
of a century. In this investigation you will start by 
estimating familiar units of time and then develop a 


model for larger units. 
Materials (per team) 


Metric rule 


Timer 
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Procedures 


Awe CONSeructrearchart in your notebooks simi larrco 


EhatmingPagure 7.2, 


A B Cc D 
10 seconds 1 minute 10 seconds 1 minute 


Treas cals 





Figure (+. 


B, When your teacher says "Start" close your eyes, 
Try to estimate ten seconds, When you think ten 
seconds have gone by open your eyes and look at 
the time. Record the actual time in column A 
of the table. Repeat the time estimating process 


twice and record the actual times in column A, 


C, Using the same procedure, try to estimate an 
interval of one minute. Do this three times and 


enter the results in column B of your table. 


D, Watch the timer, Count seconds to yourself, 
saying, “chimpanzee one, chimpanzee two, etc." 
Try to establish a rhythm. Do not count out 
loud or make any movements which might influence 
those around you, At the end of the practice 
interval try again to estimate ten seconds, This 
time count to yourself. Do this three times and 


enter your results in column C, 
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E. Try to estimate a minute. Use silent counting 
to help you. Make three trials and enter your 


results» in’ column’ D. 
Interpretations 


1. What is the longest time interval you can estimate 


with confidence in your accuracy? The shortest? 
Procedures (continued) 


F, Use a centimeter rule to measure the thickness of 
100 sheets of paper. Measure to the nearest 
millimeter. You can save some effort by using 
the numbered pages of a book. Record your answer 


in your notebook, 


Imagine that someone has been keeping a diary of 
important happenings on our planet. He uses one sheet of 
paper for each year. As he finishes each year he puts the 
sheet on top of a stack, If the diary had been started 
when the earth was formed there would now be a very thick 
stack of paper. You will now calculate how far down in 
the stack you would have to look in order to find records 


of certain events, 
Interpretations 
2, The Revolutionary War occurred about 200 years 
ago. How far down in the stack would this event be recorded? 


(Multiply the thickness of one hundred sheets by 2.) 


3. Columbus came to America about 500 years ago. How 


far down in the stack would this event be recorded? 
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4, Christ was born about 2000 years ago. How far down 


in the stack would this) event be recorded? 


5. Cro-Magnon man was living about 30,000 years ago. 


How deep in the stack would his records be found? 


As you look further back in time you will find that 
the thickness of 100 sheets becomes difficult to work with. 
You will need thicknesses representing larger amounts of 
time. A meter is 1000 times longer than a millimeter, 
Therefore a meter of thickness will represent 1000 times 
the time interval represented by a millimeter. The 
thickness of 100 sheets is a certain number of millimeters. 
That same number of meters will represent 1000 x 100 years, 


or 100,000 years. 
Interpretations 


6, What thickness of sheets of paper would represent 
100,000 years? 


7. What thickness of sheets of paper would represent 
10,000,000 (ten million) years? 


Sometimes it is more useful to talk about a geographical 
region than about one particular place. People may speak 
of "Asia" or the "east coast" or "western Canada." These 
are not very exact terms, It is not always necessary to 
be specific, Sometimes it is simply not possible to be 
specific. In a similar way it may be desirable to talk 
about “regions" in time, "Regions" in time are more properly 
spoken of as "eras," People of today live in one of these 
eras, the Cenozoic [sen-o-zo-ik] Era. It began about 
70,000,000 years ago, You can multiply the thickness that 
represents 10,000,000 years by 7 to find the corresponding 
depth in the stack. 
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Interpretations 


8. At what depth in the stack would information about 


the beginning of the Cenozoic Era be found? 


The height of a stack of paper representing time since 
the beginning of the Cenozoic Era is about as high as the 


highest mountains on Earth, 
Interpretations 


9. It might bevuseful,) toy Ehinksotsthneustackeaseaat 
it were laid on its side. Name a place which is about as 
far from your school room as the distance you found for 
Interpretation 8. (Hint: There are about 1600 meters in 


a mile.) 


The next older time era is the Mesozoic [mez-o-zo-ik] 


Era. The Mesozoic Era began about 225 million years ago. 
Interpretations 


10. At what depth in the stack would information 
about the beginning of the Mesozoic Era be found? 


ll. Name a place which is about this distance from 


your school room, 


The oldest era you will be concerned with is the 
Paleozoic Era. The Paleozoic [pay-lee-o-zo-ik] Era began 


about 600 million years ago, 
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Interpretations 


12. At what depth in the stack would information 


about the beginning of the Paleozoic Era be found? 


13. Name a place which is about this distance from 


your school room, 


Problems 


ee ln schiemrincet® parteor “thas! investigation¥you 
considered seconds and minutes. In the second part you 
had to think about hundreds, thousands and millions of 


years. Why was the first part easier? 


2. Investigators in Europe have conducted experiments 
in living in deep caves. A person lives in a cave with 
food, lights, books, records and other things he may want, 
He has no clock, radio, television or other device that 
would give him clues as to what time it is on the surface, 
Under these conditions how well would you be able to estimate 


when a day had gone by? A week? A month? 
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TEACHER 
MATERIAL 


INVESTIGATION 7.1: Constructing a Model for Time 


Materials 


In addition to the centimeter rules for the class 


you should have one meter stick available for demonstrating 


and suggesting the larger distances. A road map of the 


area may be useful. 


Procedures 


Ae 


No comment. 


If you have a large timer place it where it can 
be seen by all. You may wish to leave it running, 
allowing students to start intervals whenever 
they are ready. Alternatively you may wish to 
start them all together. Caution the class 
against exclamations which would give clues to 
those still waiting out an interval. 

Lacking a large timer, you can improvise one 
in the following manner: Place numbers on the 
chalkboard, For timing the ten-second intervals 
numbers 1-15 should be sufficient. Refer to 
your own watch and point to the numbers in turn. 
Upon opening their eyes at the end of an estimated 
ten seconds, students record the number to which 
you are pointing. For the one-minute interval 
the numbers 20,425, 30) 6) Scop enw le dee 
sufficient accuracy and probably cover most 


estimates. 
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There is a tendency to underestimate intervals, 
On their first attempts many students will guess 
that ten seconds have elapsed after only a few 
seconds have actually gone by. 


C. Again, most people will underestimate on their 
first attempts, some by a good margin. If you 
notice that students are counting to themselves, 
checking pulse rates (this is the method Galileo 
used), etc. tell them that this is to be done in 
a later part of the investigation, Students 
SHouldyeryerconthink faginothing! duringuthe 
intervals. 


D. In order to avoid breaking the rhythm it may be 
better to "think" the numbers 1 - 10 six times 
in counting to sixty. This eliminates the problem 


of polysyllabic numbers such as twenty-seven. 
Eile aa Ome Ommeriters, 
Interpretations 


1, In most cases counting will markedly improve a 
person's ability to estimate short time durations, Of 
course, it must be recognized that a second variable, that 
of practice, is also affecting results. An interested 
student could make a good project out of extensions of 
this investigation, testing family and friends on their 
abilities to estimate durations, then tabulating, graphing 


and displaying results. 
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On your next quiz you might wish to include an 
item of this nature, Tell the students what they are to 
do, thenveay,s "Startieihs .iStop.e) Swou Iniohiseparare ne 
two commands by, say, eight seconds and count any answer 
between 7 and 9 as correct. You would follow this with a 
second question involving an interval which you measure 
with your watch as 25 seconds. If you are not certain as 
to what error to allow, simply tell the students you will 
give them some leeway and then inspect the papers before 
deciding the tolerance, Many students will be able to 
estimate 25 seconds as something between 20 and 27 seconds, 
particularly those who have thought to use silent counting. 
A different twist involves estimating a short time interval. 
Hold an object such as a marble (which will make a distinct 
noise upon hitting the floor or desk top) a measured four 
feet above the floor. Have the class estimate the length 
of time required for it to fall. If you repeat the drop 
several times, and particularly if you use a countdown to 
allow a rhythm to be established, students should be able 
to recognize that about one-half second is taken for the 
object to fall. (The dependability of gravity ensures 
that a reasonably dense object will drop from a height of 
one foot in 1/4 second, from four feet in 1/2 second, and 
from nine feet in 3/4 seconds.) As a variation you could 
drop the object several times from a height of four feet 
BEFORE this investigation is started, Estimates of the 
time it is taking to fall frequently run! as short as 
1/100 second. After the counting procedure has been 
introduced it should be apparent that a more sizeable 


fraction of a second is involved, 


Procedures (continued) 


F, The paper these books are printed on gives a 


value of about 10mm per 100 sheets, Do not worry 
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about loss of accuracy involved in reunding,eff, 
We are more concerned here with rough distances 
than with precision, You may want to use an 

average value for the class or let each student 


keep his own value. 


Interpretations 


2. 22856).0mnms=" 20mmi ta leswould bes welletosremind 
students to include the units (here the mm) in their 
answers since later in the investigation other units will 


be involved. 
See LL Omnia ne oOmins 
Ae. On Scan’ Orne ae O Orns 


5. 300 x 10mm = 3000mm, This is the same as 3 meters, 
the height of an ordinary room, Cro-Magnon man was the 


modern looking ancestor of ours who lived in Europe. 


It is important that students not be allowed to become 
bogged down in math at this point. Perhaps you can display 
a meter stick to make the relationship more clear, 

10mm = 100 years 
1000mm (lm) = 10,000 years 


Interpretations 

6emeeLOm. 

7~ 1000m or 1 kilometer 

The basis upon which these eras were established will 


be considered in later investigations, There is no way of 


knowing how long the Cenozoic Era will continue, 


16le 
Interpretations 
8, 7000m or 7 kilometers. 


9, Avoid lengthy consideration of conversion factors 
relating the English and metric systems. Distances up to 
a few meters can be demonstrated in the classroom and those 
of up to a few hundred can be imagined. If your students 
have already had some practice in thinking in kilometers 
there will be no need to bring in the mile. If the class 
is not able to visualize metric distances it would be well 
to make conversions for them. 7000m is 7km. Multiplying 
by .6 (the number of miles in a kilometer) it is found that 
7km xX .6smiles/km = 432 miles: 


LOR 275 00mioe 22 2Skm case Semaes 
225,,00070005-7; 10,000, 000m=meee5 


Jy NOM Ccommenitas 


The Paleozoic Era is the first era in which abundant 


traces of life may be found. 
Interpretations 


12.  60,000m or 60kmeoxr 36 miles, 
600,000,000 + 10,000,000 = 60 


13. If students seem interested you might add that 
current estimates for the age of the earth stand at about 


4.5 billion years, corresponding to a depth in the stack 
of 450km or) 270 miles. 





Problems 


1, All answers should be considered, Included may be: 


a) "We have actual experience with seconds and 
minutes, but a century is something we have only heard 
aDOUWE em 

b) “We can practice estimating ten seconds about 
as many times as we wish in a lifetime. There are fewer 
minutes to practice on, but still a good many. We cannot 
"practice" on centuries," 

c) “In the first part we dealt with time when we 
thought about time. In the second part we dealt with time 


indirectly through the medium of distance," 


2. At first students may simply reply "Not very well.' 


The more resourceful student may pursue the idea of 
constructing a simple timing device such as a water 
clock or hour glass. Some may also be aware of biological 


clocks that organisms including man seem to possess, 


161f 


Library research on biological clocks should prove interesting. 
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FOSSILS--A RECORD OF THE PAST 


Soon after death most plants and animals are acted upon by 
bacteria. The bacteria break apart the remains chemically. 
This process of being broken apart is sometimes called 
"decay," "rotting" or "decomposition." It is fortunate 
that bacteria are present to cause this decomposition. 
Otherwise, the world would long ago have become quite 
cluttered with the remains of plants and animals. Eventually 
all life would have ceased to exist since the materials 
that compose living things would have been locked up in 
the carcasses. 

When the remains of a once-living thing have been 
decomposed a new supply of minerals is available, From 
these raw materials new plants can grow, New generations 
of animals can grow by using the newly grown plants for 
food 

Occasionally the process of decomposition fails to 
act upon a plant or animal which has died. Perhaps the 
plant or animal dies in a place where the decomposing 
bacteria are not active. It may be too dry or too cold 
or in some other way an unsuitable place for the bacteria, 

Bone, Shell and other hard parts of organisms are 
unlikely to be attacked by bacteria even under ideal 
conditions, 

Perhaps the bones and other hard parts of the once- 
living organism are strengthened or replaced by minerals 
dissolved in water, 

If the remains of the plant or animal escape destruction 
for a long period of time (thousands of years or more) the 
remains are said to be a fossil, 

A fossil does not have to be an actual part of a 
once-living plant or animal. Any evidence of a plant or 
animal which lived a long time ago is considered to be a 


fossil, For example, in certain rocks of the Grand Canyon 
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of Arizona there are preserved footprints of animals which 
lived millions of years ago. The animals must have stepped 
in soft mud along the banks of a river or lake. The mud 
dried and became "hard as a rock." The footprints are 

not a part of the animal and never were, Still they are 
counted as fossils. 

Footprints which you may have left in snow or soft 
ground as you came to school today are not part of you. 
They never were, However they could serve as evidence of 
your passing, Your footprints will not be thought of as 
fossils unless they happen to be preserved for a long time 


by natural processes, 





Figure 7.2. Dinosaur Footprint. 


Stony footprints in the Grand Canyon serve as evidence 
that some sort of animal was once there. Their presence 
may lead to several interpretations. The interpretation 
may be an estimate of the size of the animal. It may be 
a drawing of what the animal looked like, or it may consist 


of linking the footprints to a fossil skeleton. 
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It is fortunate that most plants and animals are 
decomposed soon after death. It is also fortunate that not 
quite all evidence of former life has been destroyed, There 
are many interesting things to be learned from the evidence 


which has been preserved. 
Problem 


1. It has been said that a fossil is any evidence 
(preserved for a long time) of the existence of a plant 
or animal,* ) Which ‘of thethings“in"this list dowyou think 


are fossils? Which are not? 


Coal 

Worm burrow of a million years ago 

A gopher hole 

Impression (inwagrock) sob arctan shert 

A clam shell found on a beach 

Petrified wood 

Footprints of a dog in a concrete sidewalk 


Amber (tree sap which has turned to stone) 





Figure 7.3. Left, Worm Burrow; Right, Clam Shell Impression. 
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TEACHER 
MATERIAL 


FOSSILS--A RECORD OF THE PAST 


This selection can be treated as a reading assignment or 
as the basis for a class discussion, 
The definition of @ fossilsis notirigidw Its mayor 


features are that a fossil must be: 


1. Natural. By this it is generally meant that man 
has not wittingly intervened in the preservation of the 
material, Since man has been around for only about one- 
tenth of one percent of the earth's history his intervention 
is not often a problem. Presumably a bit of charcoal from 
a cave man's fire could be considered a fossil, But the 
sketch on the cave wall made by the same man with charcoal 
from the same fire would not. This, however, is splitting 


hairs. 


2. Evidence of previous life. Sometimes it is not 
easy to decide whether or not an object is a result of 
life processes, Certain mineral deposits look just like 
shells or leaf imprints. Graphite (carbon) deposits in 
ancient rocks are often assumed to be evidence of life, 
sometimes because it is difficult to think of any other way 
for the carbon to have been concentrated. On the other 
hand, diamonds are pure carbon and they come from deposits 


in which any former life processes are hard to imagine. 


3. Age. Something must be fairly old to be considered 
a fossil. The preserved remains of a horse of several 
thousand years ago would be considered a fossil. But the 
preserved remains of a similar animal which stumbled into 
the LaBrea tar pits a few years ago would not. However, 


a few thousand years from now, it would be a fossil. 
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Fortunately scientists are more likely to debate the 
meaning and significance of something that has been dug up 
than argue about whether the term "fossil" can be applied 


EO: Hate 
Problem 


1, #@oal isl consideredstoz bef aittossa Io Misia 
natural substance, meets requirements for age, and in 
certain deposits the impressions of the leaves of plants 
of which it is made are distinctly visible. 

Worm burrow of a million years ago is again a 
fossil. -Thistittem wstancludediktos point ap! ther factiethar 
the fossil need not be a part of the animal. 

Gopher=shole' is) not: considered a fossii.; «dt 
differs from the worm burrow above by not meeting the 
criterion of age, 

Impression (inranrock) of a clam shell is 
considered a fossil. The process of turning to rock 
takes long enough so that the criterion of age is met. 
Even if the shell itself is missing, its impression consti- 
tutes evidence for the existence of the clam, 

Clam shell found on a beach does not qualify. 
Since there has been nothing said to suggest its antiquity 
it is assumed to be contemporary. 

Petrified wood is a common form of fossil. 

Footprints of a dog do not meet the criterion of 
age. Also, the concrete sidewalk suggests the intervention 
of man. 

Amber is a beautiful and interesting fossil in 
which entire insects are occasionally entrapped. Even 
without the insects, though, the sap gives evidence of the 


former existence of trees, 
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TEACHER 
MATERIAL 


INQUIRY DEMONSTRATION: Interpretation of Preserved Evidence 


~ 


Students of paleontology are sometimes skeptical of reconstruc- 








tions made from fossil evidence. Development of such recon- 
structions depends more upon detective work and sleuthing 
than on pure guesswork, and students may be made aware of 
this through attempting some reconstructions of their own. 
Pipougheuvsenemsrecometimeclion Process, students should be 


ASCO EO UBeNoUMnaVate Om EWhiGha On eMeimeSstalcenents are Oboser= 





vations and the degree of certainty with which each deduction 
from the observations has been made. They may, thus, become 
more aware of the amount of deduction which is involved in 
everyday open-and-shut conclusions they make. And they may 
also become more appreciative of the processes by which 
paleontologists, artists, “and others working with fossils 


produce the sketches and deseriptions of organisms which 





lived in the past. 


Materials 


Fire clay or patchingmouas ler 
Paper dishes 


Assorted objeces 
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Procedures 


A. Prepare a set of imprints*®similarscosthoseladlustrared. 
If possible, make up at least as many imprints as 
there will be teams of students. Place an identifying 
number on each plate with imprint. 

Be Display one of the objects,, say a tire, print. eroee 1 
class andvVinwite, discissmon about sit mel vomwieen 
allow the students to recognize the types of obser- 
vations, interpretations, and conclusions which 
might be made concerning each of thou specimenes 
(See "Sample Discussion 1." below.) 

Cc. ‘Distribute one imprints to cach” team. = In their 
notebooks students should write the number of the 
imprint and notes concerning it for reference in 
discussion. After a few minutes have the teams 
exchange imprints. Continue the process until each 
group has had time to examine and consider each 
imprint, and then ask for analysis and discussion. 
(Suggested discussion points for three imprints 


are outlined below.) 


sample discussion points: 

1. A. geometric design, ‘probably a tire print Me may 
have been made by a wheeled vehicle or simply by a tire or 
tire with wheel being rolled along. In many parts of the 
world, old tire sections are made into sandals, so the print 


may have been made by a person walking. The nature of the 
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Mwenie le, sCaurtomopile, shacycle, motorcycle, airplane) might 
berdeduced by Someone familiar with tread designs. The pattern 
of wear on the tread might give some indication of the 
particular vehicle involved, just as a tracker may be able to 
Pecogn i zeseiaonimal wwithea Timp athe spacing of the prints, 
if known, might give insight into the nature of the vehicle 
(or pedestrian wearing sandals), just as groups of fossil 
HOOLDEi nts tell more about the saze, and gait of the animal 


involved than does a single print. 





Imprint 1. 
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2. A circle with design within; students may know, 
from their experience with soft-drink cans, that this imprint 
could have been made by one of these. They should note that 
only their experience with real cans allows them to interpret 
the print. In theory the print could have been maces, aa 
disc only a few centimeters thick or by the end of a cylinder 
many meters long. It is familiarity with soft-drink Contaimere 
which will suggest to most observers that a can was involved. 

The existence of the pull-top, intact, Suggests jtaar 
the container was full, but 2G is possible thats itewacmopeged 
with a can opener at the other end. Presence or absence of 
a seam might indicate whether the can was made of aluminum or 
steel. Since aluminum cans have been introduced relatively 
recently, the lack of a seam might suggest a date prior to 
which the imprint could not have been made. 

A grocery clerk, familiar with various canned beverages, 
would be able to tell what brand it might have been or 
eliminate brands it could not have been. A student lacking 
such knowledge off-hand might be able to identify the print 
by comparing it to cans in a market. Paleontologists keep 


Col leCcEtonswOhesosSs sm inmEmuUsSecCunemEOnEmuUch the same srmeaconme 
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Imprint 2. Imprint 3. 





Sen pe tegulearspaltern sprobably the amprint of~a. bolt. 

Even though the object itself is not present, students may 
suggest that it was probably made of metal. The metal might 
have been bronze or, steel, since softer metals--such as lead 
and copper--are not often used in the manufacture of bolts. 

Close inspection of a high quality imprint might show 
thread wear,.cross=-threading,, Stripping or other evidence 
Of-uUse. 

Bolts of various designs are commonly used for 
different purposes. A wood screw is of different shape than 
a machine screw or a metal screw. Carriage bolts, with 


Square shanks, are often employed for joining wood to metal. 
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Dimensions of the bolt might tell whether it was of 
American or European manufacture. The relationships between 
head and body sizes of bolts have changed periodically. 
Knowing this and given access to new and old catalogues, a 
student might be able to dateteke bolt witniin mi pesrape. 
twenty years. 

The size of the bolt suggests that it was intended 
to join pieces of material a few centimeters thick and not 
large girders or thin sheets of metal. 

4. A regular, repeated pattern, probably of a twisted 
rope... A microscopic examination of the) cast mighimacqave 
evidence as to whether the rope was of smooth, synthetic 


fiber, or rougher, natural) fiber. The nature of the fiber 





Imprint 4. 
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would give’a rough indication of the: rope's) working strength 
and possip le appli catiton.79 [tsiwould! alsougive,? immsome, cases, 
a clue to the age of the rope. Ropes of natural fiber (hemp 
and manila) have been used for many years and are still being 
produced, whereas synthetic ropes were not common more than 
twenty=sive>, years ago..s Paleontologistsjqworking); with fossils, 
are more likely to solve problems in dating in the opposite 
sense: the appearance of a new type is used as a relative 
date. 

studentssmaymsees that collections of;imprints,. of 
the same Or Of, Verlous) types: Ore items, owouldrsupply. more 
evi denge tron dacesi than: woudd sangle easel ated, finds. 

Knowledge of the locale in which the specimen was 
collected would be useful. An imprint found near a shoreline 
MLONGNLepEesent a piece of line used to tie up a boat, 
whereas an imprinksfrom near a deeply.rutted mud hole ona 
back road would suggest a tow rope. 

Ropes intended for different uses are made of three 
and.of four.laid (twisted) strands, of braided.or woven 
Mactenmiats, end Or=€OnelmMicolo=favers enclosed in -sheathes. 

ROOCe mi Voy li toes PODpes would Gave, further clues 
as to the use of the rope, and frayed or broken strands 
would suggest the amount of use experienced by the rope 


before the imprint was made. 
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From these and other examples students may, quite 
correctly, reach the conclustonuthat there! is) aligreatimeal 
of "detective work" involved in interpreting imprints, but 
that it can be logically and intelligently done. Perhaps 
the point to be made is that there is a lot of deduction 
involved in everyday, non-scientific life. The difference 
between the scientist and the non-scientist is not that one 
guesses and the other does not. it is more thatsthe scientist 
is aware of the fact that he as making deductions, whereas 
the non-scientist may fall into the trap of considering 
commonly®made dedwetions as facts or observations. 

An interesting discussion can sometimes be built around 
the question, "What’ things in yoursdaily tite doryousmnow as 


facts with absolutely no guesswork or deduction involved?" 
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THEN AND NOW 


Fossils give some idea of what plants and animals were like 
many years ago, These plants and animals can be compared 
to the plants and animals of the present. Think for a 
moment: what is meant by "compare"? It means to consider 
ways in which two or more things are similar and ways in 
which they are different, Here are three possible ways in 
which different types of fossils compare with animals of 


the present: 


COMPARISON I: Some fossils are found which are unlike any 
living organisms, 

The dinosaurs are a good example of this type of 
comparison, During Mesozoic time, one or two hundred 
million years ago, there were huge reptiles on Earth, 
Nothing like these dinosaurs exists today. Thus dinosaurs 
are said to be "extinct." 

Care must be used in saying that a type of animal is 
extinct, For over a hundred years, now, people have been 
looking at fossils in a way that is considered scientific. 
For many years, one of the animals thought to be extinct 
was a fish called the "coelacanth" [seal-a-canth]. Fossils 
of this fish were found in rocks from middle Paleozoic time, 
Other fossils of coelacanth were found in rocks from later 
times. However, no coelacanth fossils of ages more recent 
than late Mesozoic were found. It was supposed that 
coelacanth had become extinct after the Mesozoic Era, 
Then, in 1938, a living coelacanth was found! It was 
brought up from deep in the Indian Ocean off Madagascar, 
In 1952 a second specimen was caught. Since then several 
others have been discovered. Thus coelacanths are not 


extinct; they are simply not common, 
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There is greater certainty that dinosaurs are extinct. 
It would not be difficult to imagine that ancient types of 
fish were hiding in the deep oceans but it is difficult to 
imagine a place where a forty ton lizard could be lurking 


undetected. 


COMPARISON II: Some fossils from long ago are very similar 
to present-day animals, 

Clams live in sand or mud along ocean beaches and in 
fresh water. Fossils from the Paleozoic Era show that 
clams were already common one-half billion years ago, 

People like to think of dinosaurs as animals which 
were very "successful" for a while. Perhaps they were 
successful. They were certainly spectacular, But the 
Silent little clams were present long before dinosaurs, 
They are still here seventy million years after the last of 
the dinosaurs, It is quite likely that clams will continue 
to live in the sand long after many present day organisms 


are extinct. 


COMPARISON III: The past shows no fossils similar to 
certain animals of the present time. 

Everyone is familiar with birds. It would be difficult 
to imagine a world without them, Yet rocks from the 
Paleozoic Era give no indication that there were any birds 
at that time. 

The absence of certain types of fossils does not 
necessarily mean that such animals did not exist. Maybe 
the search has not been careful enough. Also, birds have 
light skeletons which do not fossilize well. They are, 
moreover, not likely to die in an environment suitable for 


fossil formation. It is more probable that the skeleton of 
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a fish will be covered with mud (a good substance for 
producing and preserving fossils) than that a bird skeleton 
will. In any era fish fossils are more common than bird 
fossils. 

It is quite certain, however, that birds did not 
exist before the Mesozoic Era and that they were not 
common before the Cenozoic Era. Fossils of birds from the 
Mesozoic suggest that the birds of that time were quite 
different from present-day birds. There is strong evidence 
to show that the first birds developed in the early 
Mesozoic Era. Thus there would have been no birds during 


the Paleozoic Era, 


Problems 


1. List characteristics of plants and animals which 


you think would make them likely to be fossilized, 


2. What environments do you think would provide the 


best conditions for fossilization? 


3. Prior to 1938 scientists had thought that coelacanth 
was extinct. Do you think that the scientists were annoyed 


or disappointed at being proven wrong? 
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TEACHER 
MATERIAL 


THEN AND NOW 


The purpose of this selection is to suggest that the 
population of the earth has been changing in quality as well 
as in number, Examples are given of species which have 

been persistent over long time intervals, of species which 
have appeared in relatively recent times, and of those 

which have become extinct, Students may be able to think 


of other examples of each category. 
Problems 


1. Plants and animals are more likely to leave fossils 
if they are: 
abundant 
live in certain habitats (see Problem 2) 


have hard parts such as shells or bones 


2. Organisms are more likely to leave fossils if 
they live: 
in water rather than on land or in the air 
in mud, as does the clam 
in calm water, which will not break up the remains 


before fossilization can occur 


The factors mentioned in regards to Problems 1 and 2 
bring up the ideatof “bist " 

Ideally, a collection of all the fossils from a given 
time era would give a pretty good idea of the types and 
numbers of organisms which were living during that era. 
But some organisms are not as likely to be preserved as 


others, Reasons include the nature of the organism and 
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the habitat. Thus a complete collection of fossils does 
not represent the actual population of an era, 

The clam, for example, is an organism which is 
ideally suited for preservation. It has a hard shell and 
it lives in an area of deposition. The earthworm is not 
as well suited for preservation, Its habitat, soil, may 
be subjected to all manner of disrupting forces after 
demise of the organism, And the animal itself has nothing 
in the way of bones or a shell which would fossilize easily. 

Collectors have little control over the bias that 
exists in their samples of past life. The numbers and 
types of organisms fossilized are completely beyond control. 
Man may have some slight control in choosing the areas in 
which fossils are sought. 

The best approach, really, is to recognize that bias 


exists and attempt to allow for it. 


3. In theory, at least, a scientist is always pleased 
to learn something new. It is somewhat more difficult to 
be genuinely delighted when one's pet theory has just been 
overwhelmed by proponents of a different view, In the case 
of the coelacanth there had been little debate as to the 
existence of the animal, Everyone assumed it was extinct, 
so no one had been forced out onto the limb of proclaiming 
its non-existence. Most scientists were probably quite 


pleased at announcement of the find. 
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A TIME SCALE FOR THE EARTH 


Centuries, decades, years, days, minutes, and seconds are 
all commonly used units of time. Each has a particular use 
in everyday descriptions of time. For convenience, the 
long history of the earth has been divided into units of 


time. The largest unit is called an era, of which there 


Biguressgols GEOLOGIC TIME SCALE 


PERIOD EPOCH DATES (years ago) of time division} CHARACTERISTIG 


Quaternary RECSmME 
Pleistocene 600, 000 Ne OO Ole 


Tertiary Pliocene FO OCOROOO 
Miocene 25,000, 000 10007000 
Oligocene 40,000, 000 25, 0005-000 
Bocene 60, 000, 000 40,000, 000 
Paleocene 70,000, 000 60,000, 000 


CENOZOTC 


Cretaceous i 5>F OOOROOO JOP, OOO, 000 
Jurassic 180,000, 000 ks SeOO OR OOO 
Triassic 225 sO00 7000 180,000, 000 


O 
H 
O 
S 
0) 
= 


Permian ° 2/0;,000, 000 225, 000%, 000 
Pennsylvania 330, 0007000 270,000, 000 
Mississippia 3507,0007,000 330,000,000 
Devonian 400,000, 000 3507,000;,000 
Silurian 440,000,000 400,000,000 
Ordovician 500,000,000 440,000,000 

600,000,000 DOOROGOE OOO 


PALEOZOIC 


4,500,000,000 ? |600,000, 000 


PRECAMBRIAN 
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are four. Weare yliving in the” Cenozoic’ (recent life) 
Era. Other eras are the Mesozoic (middle life), Paleozoic 
(ancient life), and Precambrian (before the Cambrian, the 
earliest part of the Paleozoic). Each era has been sub- 
divided into shorter units called periods. The periods of 
the Cenozoic have been divided into still smaller units 
termedvepochs'. “IneFigure*7i4"you can find#the “various 


units of time and the approximate dates of each unit. 
INVESTIGATION 7.2: Fossils on the Time Scale 
Materials 
No special materials needed 
Procedures 


A. Copy the chart in Figure 7.5 in your notebook. 


Haeuren/ aoe 

COMMENTS : 
TYPE OF AGE OF FOSSIL LENGTH OF Habitat, 
ORGANISM Oldest Most Recent EXISTENCE food sietc. 









A 180,000,000] Ocean, 


years Mmeaemecdees 
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Study the following pages of reconstructions of 
eight plants and animals that have been found as 
fossils. The reconstructions show what the 
organisms may have looked like based on the fossils 
(bones, shells, imprints, etc.) available. 

Below the name of each organism is found first-- 
the geologic time unit in which the oldest known 
fossil has been found, second--the most recent 
unit in which evidence of the organism has been 
found. Additional information is also given for 


some of the reconstructions, 


Refer to Figure 7.4, A Geologic Time Scale, 

and determine when the oldest known fossil 

first indicates the existence of the organism, 
Write the number of years in the column titled 
"oldest." Put the age of the most recent fossil 
in the appropriate column. Subtracting these 
ages will give you the number of years that the 
type of organism lived on Earth, The column 
titled "comments" can be used to list any 
information about the organism you may think is 
important. A habitat is a place in which an 
organism lives; such as land, sea, trees, burrows, 
etc. By looking at the organism's shape, its 
teeth, its legs, -or-its fins, you may be able to 
decide where it lived or what it ate. To help 
you get started the information on organism A 


has been provided for you, 


Figure 7.6. 





Lingula, Late Ordovician - Recent. 
Body covered by two valves (shells). 


A. Shark, 


Jurassic — Recent. 





C. Sigillaria, Pennsylvanian - Permian. 


Tree-fern reaching heights of 40 feet. 





D. Acer, Hocene —- Recent. 





Maple tree leaf; a flowering plant. 


E. Diplodocus, Jurassic - Cretaceous. Body lengths up to 26m; skull, above, 


about .6m long; a reptile. 
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Tyrannosaurus, 





Cretaceous — Late Cretaceous. 
Body lengths up to 14m; 
skull about 1.2m long; 





a reptile. 
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G. Didelphis, Late Cretaceous - Recent. Commonly known as an opossum; 


a mammal. 





Hee. baluchipnerium, 


Oligocene — Mid—Miocene; 
Hornless rhinoceros; 


5.5m high at the shoulder; 


a mammal. 





17h 
Interpretations 


1. What kinds of foods do you think 
a) Diplodocus ate? 
b) Tyrannosaurus ate? 


Give reasons for your answer. 


2. Do 'you think either could have eaten maple leaves 


as part of its diet? Give reasons for your answer, 


3. It is thought that coal was formed from the 
remains of ferns and other soft bodied plants of late 
Paleozoic, What does this suggest about the ancient 
climate of the regions of the United States where coal is 


found? 


4, Write a short paragraph describing the value of 
the statement, "No animals lived on land before late 
Devonian times because the oldest amphibian fossil is of 
thacetime..” 


5. Comparing Triassic with Recent times, in which 
environment, land or sea, have the organisms changed the 


most. Why dowyousgthinkgthis is 7so? 


6. Now that you have completed the chart, you can 
add some information to the Geologic Time Scale 
(Figure 7.4). In the column headed: Characteristic 
Life, add the names of the eight plants and animals 
you have just considered. Also add the organisms discussed 
earlier in this section. When /a)plant or vanimaleds 
mentioned later in the book, add its name to the list in 


the appropriate place, 
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TEACHER 
MATERIAL 


INVESTIGATION 7.2: Fossils on the Time Scale 


In this investigation students should become familiar with 


the Geologic Time Scale and begin to have a "feel" for the 


great changes in plants and animals that have taken place 


on Earth. It should be emphasized that the fossils presented 


represent only a very scant sample of the thousands of fossils 


now known. 


Procedures 


A. You may want to give students a dittoed copy of 


Figure 7.4 to save time in copying the chart. 
B.) No comment: 


C. The completed chart may look like the following. 


















Figure T-7.1. 
TYPE OF AGE OF FOSSIL LENGTH OF COMMENTS ; 
Habitat, 
SSE Behe Oldest Most Recent eS £000 ,AGcc. 
aeraern ts eae te ee ee ee ee 
A 180,000,000 Modern 180,000,000 jOcean dweller, 
meat eater, 
fast swimmer 
B 500,000,000 Modern 500,000,000 |Lives in water (ocean), 
eats small floating food 
Cc 3307 000, 00052257000; 00044055 0OO0Om000Land=plant, "probably 
warm humid climate, 
probably a "soft wood" 
D 60, 000, 000 Modern 60,000,000 |Land plant, 
a "hard" wood 
E 180,000,000 | 70,000,000 }/110,000,000 jLand or swampy area, 
judging from teeth 
a plant eater 
F S27 OOO U00nm7 0, 000,000 1 65,000,000 iILand, .a meat eater 
G 70,000, 000 70,000,000 jLand, a meat eater 
H | 4,000,000 | | 22,000,000 | 


207,000,000) 18,000,000 )7 22,000,000 iLand, a plant eater 
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Interpretations 


1. Judging from its flat-crowned teeth and small head, 


Diplodocus ate plants. Tyrannosaurus’ sharp teeth and 
large mouth indicate a meat eater. 


2. Diplodocus is the only consideration here. Since 
Diplodocus became extinct before Acer appeared it is unlikely 
that Diplodocus ate maple leaves. 


3. The coal mining regions were probably warm, 


swampy areas during late Paleozoic times. 


4, Student answers will depend in part on their 
awareness of the "primitive" nature of Amphibians. Points 
to be considered are: 

a) The fossil record is incomplete and older land 
tetrapods may be found. 

b) Invertebrates (worms for example) may have 
been on land prior to this but they do not 
leave good fossils. 


c) Life probably had its origin in the sea. 


5. Land organisms have exhibited the most dramatic 
changes. Students may or may not have any reasons in mind 
that would explain this observation. Do not press for 
reasons at this time. Later investigations will suggest 
that the more changeable land environment results in the 


more rapidly changing inhabitants. 


6. The Characteristic Life column should be completed 
as in Figure T-7.2. Perhaps you could have the Geologic 
Time Scale (Figure 7.4) reproduced and given to the students. 
They could then fill in the column headed: Characteristic 
Life. 
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Figure T-7.2. GEOLOGIC TIME SCALE 







D PERIOD EPOCH DATES (years ago) of time division} CHARACTERISTIC 






Quaternary 






Pleistocene 600, 000 





Pliocene Man 















Tertiary TIF. O0OR000 
257 0007 000 
40,000,000 
60,000,000 


70,000, 000 


600, 000 
11,000,000 
25,000,000 
40,000,000 
60,000, 000 





Miocene 









Oligocene Baluchitherium 


Eocene 








Paleocene Acer 










Cretaceous ie S10 OOO. OO TOO OOO Oe Tyrannosaurus 


Didelphis 











Jurassic 180,000, 000 3570007000 Heterodontus 


Diplodocus 
Birds 








Triassic 225,000,000 180,000, 000 
















270,000,000 
330,000, 000 
350,000, 000 
400, 000, 000 
440,000, 000 
500,000,000 
600, 000, 000 


225,000,000 
270,000,000 
330,000,000 
350,000, 000 
400,000, 000 
440,000, 000 
500, 000, 000 


Permian 










Pennsylvanian Sigiidariia 


Mississippian 






Devonian Coelacanth 








Silurian 





Ordovician Lingula, Clams 





4,500,000, 000 600,000, 000 
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CHANGING LIFE FORMS 


There is much evidence to suggest that life forms change. 
Dinosaurs and dodo birds are now extinct. Men and horses 
and dogs live on a planet which in times past had no aire- 
dales, appaloosas, or people. How do such changes occur? 

Charles Darwin, a scientist of the last century, des- 
cribed the process by which he thought these changes could 
occur. He also gave many examples and much evidence to 
support the model he described. In the past one hundred 
years more evidence, not available to Darwin, has been 
discovered. This more recent evidence fills in many details 
of the way in which the process operates. The current way 
of thinking about evolution (the changing of types of life 
forms on Earth) is in agreement with many observations. 
Therefore it is considered to be a good model. Other ways 
of thinking about evolution have not proved as useful. 

Four main ideas comprise the model. The first idea is 
that most types of life, whether they are plants or animals, 
reproduce at a higher rate than seems necessary. For ex-=- 
ample, if the total number of cats on the earth is not going 
to change it seems that each pair of cats should produce two 
kittens to take its place when the older pair dies. An 
apple tree should produce one seedling before it dies. 

The observed fact is that this does not happen. If 
you have experience with cats you know that litters contain 
numerous kittens. In her lifetime one female cat can pro- 
duce enough young to keep your family, your neighbors and 
all your friends well supplied with cats. Unless something 
is done the cat population rises. 

Each apple contains several seeds capable of growing 
into new trees. Each season an apple tree produces a number 
of apples. And one tree can continue to bear for quite a 
few years. You may wonder why the entire earth is not 


forested with apple trees (with a cat on each branch). 
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These are examples of what is meant by high rates of 
reproduction, Among "lower" forms of life the over- 
production is even greater. One pair of houseflies can 
produce a fantastic number of young. One fern plant pro- 
duces an incredible number of reproductive spores. 

The second thing to note, if you are to understand 
evolution, is that there are differences among the off- 
spring of one set of parents. Like their parents, all 
kittens are cats'SivThereWare tneMsharks Or parrots "iniethe 
litter. But within the limits of what are still thought 
of as cats there are many variations. Not all the kittens 
in one litter are of the same color and markings. Some 
will be larger than others. Some may be friendlier. There 
are doubtlessly internal differences which are not easily 
observed. 

Similarly, not all seedlings produced by the seeds 
from one tree are identical. Some will grow faster than 
others. Some may bear more fruit than the rest. 

Third, try to imagine what would happen if man were 
not present to have an effect on the survival of kittens, 
apple trees and the like. No one would feed the cats. They 
would eat only what they themselves could catch. Trees 
would not be sprayed, pruned or irrigated. 

Only those cats, apple trees and other living things 
which could survive the tests of nature would live. By 
"tests of nature" are meant such things as heat, cold, 
shortages of food and living space, and competition. 

Finally, a dead cat or a dead apple tree or anything 
else which has not survived is not going to reproduce. 
Only those plants and animals which survive to maturity 
can produce offspring. The offspring will resemble their 
parents and perhaps have some of the characteristics which 
allowed their parents to survive. This process has been 


TeLerred) to Gas ausunvivia Wo: other ties teen 
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The ways in which different characteristics are passed 
on from parents to their offspring are well known. The 
science which describes this process is known as "genetics." 
However, at the present time you should concentrate on the 
broader view of evolution, not the details of how one part 
of the process operates. To summarize: 

1. Each type of plant and animal produces more 
offspring than usually survive. 

2. There are slight differences among the 
individuals of any type. 

3. The members of each type face tests. Because 
of the slight differences among individuals 
some are more likely to survive than others. 

4, Only the survivors can reproduce. Individuals 
which lacked some necessary quality will die 
Ores 

As a result of the four steps listed above happening 
time and again a type of plant or animal may gradually 


change. This gradual change is known as evolution. 
Problem 


Try to calculate the total number of offspring which could 
be produced by a member of some type. To do this for an 
apple tree you would count the number of seeds in one 
apple. Multiply this by the number of apples you think a 
tree could produce in one year. Multiply this by the 
number of producing years in the life of an apple tree. 
You could make a similar calculation for cats, flies 


or any other organism for which information is available. 
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TEACHER 
MATERIAL 


CHANGING LIFE FORMS 


In the student text the word "type" is used to avoid 
introducing the term "species" in order to minimize 


vocabulary. 


Problem 


Depending upon assumptions made by the students, the total 
potential number of seedlings for a single apple tree 
should range between 5,000 and 1,000,000. In any case, 

it is apparent that the potential greatly exceeds the 
required one replacement. Some possible responses are 


shown in the table, Figure T-7.3. 











Figure T-7.3. 
Number of Seeds|Apples/Tree | Years/Tree 
Minimum 
Reasonable 5,000 


Assumption 











Maximum 
Reasonable 
Assumption 


1,000,000 





ADDITIONAL ACTIVITY (Optional) 


The purpose of this activity is to have students recognize 
that the genetic potential for evolutionary change is 
present in each species at all times. This is accomplished 
by recognizing that there are differences between individual 


members of any one species. 
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Materials 


Two dozen or so representatives of any single species. 


Comment 


The species can, of course, be human. If you have a 
plentiful .supply .of -clam-on oyster fossils, or of snail 
shells, or simply recollections of what dogs and cats look 


like, these can be used. 
Procedures 


Student should list all variations between members 


of the same species, 
Interpretations 


1. For each variation students should attempt to tell 
whether the variation is due to genetic (inborn) or other 
factors. For example a taller dog may be taller because 
its genes have given it directions to be tall. On the other 
hand it may be older than a smaller dog, or the taller 
animal may have enjoyed a better and more plentiful diet 
than the shorter one. (Such distinctions are not easy to 


make, and opinions will vary.) 


2. For each type of difference noticed, size, shape, 
etc. students should attempt to name two situations, one 
of which would favor survival of each of the differing 
members. For example, if it is noted that some animals 
are taller than others it might be suggested that a) taller 
animals are better suited for defense against aggressive 
enemies, and b) that shorter individuals are more likely 


to be able to find hiding places if such are needed. 
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INQUIRY DEMONSTRATION: Reproductive Capacity of Drosophila 


The tremendous reproductive capacity of the common fruit 


fly, Drosophila can be shown with locally trapped specimens. 


Materials 


Large wide-mouth jar (peanut butter or pickle) 
Gauze 

Tape 

Ether (optional) 

Drosophila food 

Yeast 


Lens ake 


Procedures 


D6 


To trap wild flies place an open jar in a shaded 
area with a piece of banana, peach, or a few 
grapes in the bottom of the container. In warm 
weather, several flies should be found on the 


fruit’ in just a*few holirs. 
Cover the jar and remove to the laboratory. 


The captured flies may be etherized by placing a 
wad of cotton soaked in ether into the capture 

jar and closing with a lid. As soon as the flies 
cease their activity remove the cotton. Do not 
over-etherize. Caution: Ether is highly 
flammable. All ether containers should be disposed 
of at the end of the school year to prevent decom- 
position and possible formation of explosive 


products. 
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D. Remove the flies with a small paint brush or 
cotton tipped swab stick. Select two males and 
two females using Figure T-7.4 to distinguish 
sexes. The one-inch lens may be useful in this 
process. Place the flies into another large jar 


with Drosophila medium. 

















Figure T-7.4. Drosophila melanogaster, left, Male; right, Female. 





paper 
toweling 


medium 


Figure T-7.5. Drosophila Culture Jar. 


Le 


E. Food for the flies can be obtained under the name 
Instant Drosophila Medium listed in the Carolina 
Biological Supply Company catalog. Drosophila 
medium may be prepared locally by adding 5g 
powdered agar to 75ml cold water and heated with 
stirring until dissolved. Add one mashed ripe 
banana to the solution, heat and continue stirring 
until smooth. Remove from heat and add one ml 
propionic acid or Tegospot M solution as a mold 


inhibitor. ssfour liquid into=jar andvallow ctomcool, 


F, Just prior to introducing the flies you should 
push a 2" x 5" strip of white paper toweling down 
into the medium. This acts as a pupation site 
for the larvae. In addition add a few grains of 
dry bakers' yeast to the surface of the medium. 
The larvae eat the fungus (yeast), not the medium. 
Cover the mouth of the jar with a square of gauze 


and tape in place. See Figure T-7.5. 


G. You may wish to omit Procedures C through F due 
to lack of supplies. In this case you can use 
the collecting jar as a permanent container for 
the flies by mashing a ripe banana in the bottom 
of the jar, seeding with yeast, and adding more 
toweling to absorb the liquid that will form. 
Mold will usually form in such a set up as the 
banana decomposes into a syrupy liquid. Most 
flies will become caught in the liquid but this 


may show one reason flies do not "cover the earth.’ 


H. Adult Drosophila develop from eggs in about ten 
days at 25°c. Higher temperatures increase 


mortality and lower temperatures slow development. 


LTE 
Suggestions for use of Drosophila culture. 


To perform the demonstration in winter you will have to 
maintain a culture of flies from fall when the wild flies 
are most abundant. Also, you may be able to obtain a 
supply of Drosophila’ from a local) high school ‘or college 
that is conducting genetics experiments. 

You may introduce the demonstration by telling students 
how you collected the flies (if you did) and how they are 
being reared. Invite students to examine the new culture 
and count the flies in it. Ask for predictions about the 
future of the culture, especially how many offspring may 
be produced and in what length of time. Record these 
predictions and set the culture aside for about two weeks. 

A discussion of the results should bring out the idea 
that the flies produce a tremendous number of offspring 
and that most offspring do not survive. 

A worthwhile project for interested students would be 
testing the effects of different temperatures on the 


reproductive capacity of the flies. 
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CATS 


Cats may serve as a good example of the way in which life 
forms evolve. During Mesozoic time there were no cats. 
Today there are many types of cats, from the large jungle 
cats to smaller types kept as pets. Just what is a cat? 
Where did cats come from? 

Cats are "carnivores," or meat eaters. They have 
long fangs for stabbing their prey and other teeth which 
are useful in chopping meat into chunks of a size which can 
be swallowed. They have no molars, or grinding teeth, 
such as those found on grazing animals. Cats are capable 
of very rapid motion for short periods of time. They are 
fairly smart and have efficient noses and eyes. They have 
claws which can be extended for use (in tree-climbing or 
fighting) and retracted when not in use. 

You could probably say a lot more about particular 
cats you have known or read about. But this brief description 
will give you a few things to consider. 

Among the fossils found from early in Cenozoic time 
are those of animals called "Creodonts." Although they 
did not have the fangs of present-day cats, the Creodonts 
are thought to have been carnivores. In fact the name 
Creodont means "flesh (eating) teeth." 

Creodonts had very little space in their skulls for 
brains. The interpretation is that they were rather stupid 
animals. Creodonts were small in size with long bodies and 
clawed feet. Such an animal would probably be good at 
climbing trees. Perhaps they climbed trees to avoid being 
attacked by other carnivores. 

All in all, Creodonts were not very impressive as 
carnivores. It is hard to think of a present-day animal 
which would be slow enough and stupid enough to get caught 
and eaten by a Creodont. Perhaps the grazing animals of 
the early Cenozoic were not as alert and fast as present- 


day deer and horses. 


ie 


Fossil records of grazing animals show a steady 
increase in size and ability to run in the early Cenozoic. 
Most Creodonts probably starved to death. There are none 
living today. 

The descendants of one group of Creodonts did survive, 
though. Perhaps they survived in this way. 

Imagine a litter of six young Creodonts. (It is 
reasonable to imagine a seemingly larger-than-necessary 
litter because that is the way things happen today.) 

Four of these young animals are, like most Creodonts, 
pretty slow. One is even slower. One is a bit faster. 
(This is a reasonable assumption since in animals of today 
there are slight differences found, even among those from 
the same litter.) There is not always enough food for 
all six Creodonts. (This is the kind of thing mentioned 
earlier as a "test of nature.") The particularly slow 
Creodont starves. The others survive, find mates and 
produce offspring. The offspring have a tendency to 
resemble their parents. Since the parents, in this case, 
are all of average or better-than-average speed it is 
possible that all will be fast enough to be capable 


hunters. 





Figure 7.7. Creodont. 


As you may know, traits can "skip" a generation. 
Perhaps the trait of slowness skips one or two generations 
and then shows up again. When it does the slower individuals 
are more likely to starve. 

After a few generations in which the slower animals 
are eliminated as they appear, only those animals which 


would be called "average" or slightly faster are left. 
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But now the average speed is slightly faster than it was. 
The surviving Creodonts are just slightly faster than 
their ancestors of a few generations back. It may seem 
that it would take a long time to eliminate the slower 
Creodonts. Assuming that a generation for Creodonts was 
five years (not unreasonable considering carnivores of 
today), in ten million years there would be 

10,000,000 +5 = 2,000,000 generations of Creodonts. 


This could well allow for noticeable changes in speed. 
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CALCULATING RATES OF CHANGE 


Many people believe that if man is not careful he may 
destroy much of the life on Earth including himself. 
There are a number of ways in which this might be done. 
One way involves changing the surroundings in which we 
live. Man now has the capability of causing small but 
important changes in the atmosphere. He has proven that 
he can completely change the types of plants and animals 
living in certain areas. Perhaps he may in some way 
change his surroundings so that humans can no longer live 
on Earth. 

Or is there any danger? Evolution, the gradual change 
in a type of organism as time goes by and conditions change, 
can be observed. Man himself has evolved from other types 
of life. If he now causes some change in conditions on 
the planet he lives on will he not simply evolve to fit 
the new conditions? 

In order to help answer this question you will now 
consider the rate at which evolution has proceeded in two 
kinds of organisms. 

The small dinosaur, Euparkeria, lived early in the 
Triassic Period. This dinosaur was about one meter long. 
It may well have been an ancestor of Diplodocus, another 
dinosaur. Diplodocus lived in late Jurassic time. A 


Diplodocus skeleton over 26 meters long has been found. 
Problems 


1. In years, how long ago did Diplodocus dinosaurs 


exist? (If necessary, refer to Figure 7.4.) 


Demelieyvecare mow long, ago.did Euparkeria live? 
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3. How many years were there between the time of 


Euparkeria and the time of Diplodocus? 


It is difficult to estimate the length of a generation 
for dinosaurs. Twenty years may not be too far off. A 
generation for Euparkeria might have been less than this. 
For a large dinosaur such as Diplodocus a generation could 


have been longer. 
Problems 


4. How many generations of dinosaurs were there 


between the time of Euparkeria and the time of Diplodocus? 


5. What is the difference in length between Euparkeria 


and Diplodocus? 


6. Find the average increase in length per generation 
by dividing your answer to Problem 5 by the answer to 
Problem 4. 


The three figures show skulls of modern man and 
two types of individuals thought to be the ancestors of 
modern man. Below each figure is the name given to the 
type of individual, the age in years of fossil evidence of 


its existence, and the average brain size in cubic centimeters. 
Problems 


7. Assuming that a generation is twenty years in 
these individuals, what has been the average increase in 


brain size per generation? 


8. Would the increase per generation be greater or 


smaller if the time for a generation was only 15 years? 
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Figure 7.8. 





A. Australopithecus, B. Homo erectus, 
2,000,000 years ago. 700,000 years ago. 
Brain '700cc. Brain 1000cc. 





C. Homo sapiens, Modern. Brain 1500cc. 
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TEACHER 
MATERIAL 


CALCULATING RATES OF CHANGE 
Diplodocus with his 26m length (87 feet) was the longest 
of the dinosaurs. At 25 tons, however, he was not the 
most massive, that honor falling to his cousin Brachiosaurus 
which weighed more than 50 tons. Both were vegetarians. 


Problems 


1. The Jurassic ended as the Cretaceous began, about 


135 million years ago. 


2. Early Triassic occurred about 225 million years 


ago. 


34, 42257000, 000 =91.35,,.0007000)=5 907,000, 0008years: 


Generally the time till maturation and life-span are 


greater for larger animals. 


Problems 


4;. ,907000,000 = 920 =. 4,500, 0O00@génerations. 


De 26m! ee 


6. 25m x 1000mm/m = 25,000mm 
25,000mm ~~ 4,500,000 = .0055mm/generation 
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7. Using the same technique as used for Problems 1 - 6: 
Time = 2,000,000 years 
2,000,000 years + 20 yrs/generation = 100,000 generations 


Increase in brain size = 800cc 


Increase per generation 800cc + 100,000 generations = 
. 008cc/generation 


It should be noted that brain size, or body length 
probably has not increased in a linear fashion as may be 
indicated by these calculations. Changes probably took 
place in "spurts" between static periods. The point is 
that modern life is derived from ancient forms through an 


accumulation of small changes over a very long time. 


Problems 


8. Increase per generation would be smaller if 
there were a shorter generation time and, thus, more 


generations. 
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ANCIENT CLIMATES 


Those who study life of the past are not satisfied with 
knowing the appearances of ancient plants and animals. 
They would like to know all they can about the conditions 
in which the organisms lived. You will be asked to make 
some interpretations about the climates of various times 
and places based on evidence of fossils. 

Mammals (horses, dogs, cats, man, etc.) are animals 
that have the ability to maintain a constant body tempera- 
ture while living in an environment of changing temperature. 
In both summer and winter your body temperature is very 
near 37°C (98.6°F). Reptiles (snakes, lizards, alligators, 
turtles, etc.) are animals that do not have constant body 
temperatures. Instead, their bodies assume the temperature 
of their surroundings. When the body temperatures of 
mammals and reptiles fall to low extremes or rise to high 


levels their body functions are affected, and they may die. 
Problems 


1. Which kind of animal, mammal or reptile, would you 


expect to find living in both cold and warm climates? 


22 Which inde Otmaniuimale wOUlG moe lamatecmtOnmamCe laiteanlia 


climate? 


Plants (and animals) usually reproduce as the result 
of the union of male (sperm) and female (egg) reproductive 
cells. In mosses and ferns the sperm swims to the egg 
through a thin layer of water covering the plants. In 
flowering plants (trees, grasses, shrubs, etc.) the sperm 


is carried in wind- or insect-borne pollen grains. 
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Problems 


3. Which type of plant, mosses and ferns or flowering 
plants, would you expect to find in both dry and moist 


climates? 
4, Which would be limited to a certain climate? 


Copy Figure 7.9 in your notebook, It lists five areas 
and the fossils that have been found in each. Describe 
what you think the ancient climate was like for each area 


at the time when the plants and animals lived there. 


Problems 
5. Record your answer under "Probable Climate." 
Figure 7.9. 
AREA FOSSILS PROBABLE CLIMATE 
A mosses, ferns 
mammals 


B reptiles 
flowering plants 


small reptiles 
no plant fossils 


OQ 


D mammals 
flowering plants 


mosses and ferns 
reptiles 


eal 
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6. More recent fossils from area A include alligator 
remains in addition to the mammal, moss, and fern fossils. 
What does this information tell you about the more recent 


climate of area A? 


7. Does the presence of alligator fossils in only 
more recent times allow you to conclude that the climate 


of area A changed? Give reasons for your answer. 


Fossils are used as indicators of rather broad ranges 
of climate for particular regions of the earth. They can 
also be used to compare climates of two or more areas. Only 
recently a way has been devised to obtain accurate informa- 
tion about past temperatures of the oceans. By careful 
analysis of the chemical oxygen in fossils of ocean dwelling 
animals it is now possible to determine the temperature of 
the water the animals lived in. 

This knowledge of past ocean temperatures has given 
new information about the “ice ages." During the ice ages, 
huge glaciers covered the northern parts of the United 


States and Europe. On four occasions glaciers advanced 


Figure 7.10. Ocean Temperatures and Glacial Advances. 


advances 


ol 
{e) 


ocean temperatures (degrees c.) 





THOUSANDS OF YEARS AGO 
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from the north to cover areas where Chicago, Berlin and 
Moscow now stand. According to some studies the first 
glacier formed about 300,000 years ago. It melted after 
about 40,000 years. Then, about 200,000 years ago the 
glaciers advanced for a second time. Figure 7.10 shows 
the dates of the four periods of glaciation with the 


corresponding ocean temperatures. 
Problems 


8. What is the largest ocean temperature change 


associated with the occurrence of a glacial advance? 


9. Assuming we are now in a warm period, how much of 
a drop in average ocean temperature would probably be 


associated with a fifth glacial advance? 
For Discussion 


1. Review "Calculating Rates of Change." Imagine a 
"sudden" change in conditions on Earth such as an ice age. 
"Sudden" here refers to, perhaps, 100 years. Do you 


think man could survive such a change? 
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TEACHER 
MATERIAL 


ANCIENT CLIMATES 


It is important that students understand the difference in 


temperature regulation between mammals and reptiles. 


Problems 


1. Since mammals are temperature "independent" 
within certain extremes you should expect to find them in 
areas of warm and cold. Other criteria such as food 
and water are not considered here. Fossil mammals as a 
class are not good indicators of temperature. Some mammal 
species may appear to be good indicators (monkeys--warm, 


polar bears--cold) but few such fossil types exist. 


2. Since reptiles are most efficient in warm 
temperatures you would expect to find them in warm climates 
only. Thus reptiles may be considered "narrow range 


indicators" of warm temperatures, 


3. Flowering plants are found in both climates and 
as such are not good indicators (as a group) of moisture 


conditions, 


4, Mosses and ferns are found in moist climates 
both warm and cool. They are not found in dry climates 
becausé the sperm needs a fluid in which to swim to the 


egg. 


5. Below (Figure T-7.6) is a completed chart. The 
interpretations may be the basis for a class discussion, 
especially interpretations given to the absence of a 


fossil type. 
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Figure T-7.6. 
AREA FOSSILS PROBABLE CLIMATE 
Ree aera ee ee 
A mosses, ferns moist; no reptiles may indicate 
mammals cool but not conclusive 


B reptiles moist or dry; no mosses may 
flowering plants indicate dry but not conclusive; 
warm 


C small reptiles no plants may indicate arid not 
no plant fossils conclusive; warm 

D mammals unknown; may be cool and dry 
flowering plants but not conclusive 





E mosses and ferns, moist and warm 
reptiles 
6. Since alligators are reptiles, their presence 


indicates the climate was warm. 


7. »There’ is -not® enough information to concludesthat 
the climate changed. In order to decide whether a change 
had occurred it would be necessary to know the earlier 
climate of area A. The earlier fossil assemblage does 


not provide such information. 


Tt has been found! that: temperature: affects the rate 
at which isotopes of oxygen are accumulated in carbonates 
of limestone, coral and skeletons of aquatic animals. 

In ocean water calcium carbonate formed at O°C will have 
ai 026: 500 ratlo of oxygen 18eto oxygen 16. At 25°C 
the ratio will only be 1.022:500. Careful analysis of 
isotopic ratios in marine fossils now provides a method 


for determining actual paleotemperatures. 
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Problems 


8. A temperature fall of 6°C between the third and 


fourth glaciations is the largest. 


9. It has been suggested that a temperature drop of 


4~6°C could bring on another ice age. 
For Discussion 


1. Students may be asked to find background information 
about the problem before a class discussion. Much specula- 
tion about the occurrence of another ice age is in current 


literature. 


Physiologically, man could probably survive such 
a fate. Man's ability to influence the immediate environ- 
ment (clothes, housing, etc.) and his’ ease of migration seem 
to make little of the event. But the fate of the organisms 
that we depend upon for food might be a different matter. 
The vast corn and wheat belts of the world could 
not continue to feed our large population (much of which 
is starving now) or our domesticated animals. The 
adaptation of domesticated plants and animals to different 
soils and climates would be in doubt since we have very 
carefully discarded variations not suitable to their 


present environment. 
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AIR CONTAMINATION AND TEMPERATURE 


Man does many things that may influence the temperature 
of the earth, One of his more significant activities has 
been introducing a large amount of small particles of 
solids (such as smoke) and tiny droplets of liquid into 
the atmosphere. There are many examples of places where 
the amounts of these particles are ten times greater than 
they were five years ago. 

This type of air pollution has two main effects: It 
reflects energy from the sun and thereby reduces the amount 
reaching the earth. . It can also cause clouds to form, 

(In a later investigation you will see the relationship 
between particles in the air and the formation of clouds.) 

The clouds will decrease the amount of energy which 
reaches the earth from the sun and can also change the 
patterns of rainfall. Depending upon the temperature and 
the amount of moisture in the air, the amount of rainfall 
may increase or decrease. 

From 1951 to 1965 LaPorte, Indiana, which is 30 miles 
downwind from large steel works, had 31% more rain, 38% 
more thunderstorms and 245% more days with hail than nearby 
communities. 

On the other hand, during cane harvest season in 
Queensland, Australia, when the leaves are burned, large 
amounts of fine smoke particles are introduced into the 
atmosphere. Areas downwind from these fires have experienced 
a decrease of up to 25% in the amount of rainfall, while 
neighboring areas not in the path of the smoke have received 
the normal amount of rain. 

Most people have seen the vapor trails from high- 
flying aircraft. It has been estimated that the high 
altitude cloud cover between Europe and North America has 
been increased from 5 to 10% as a result of these condensa- 


tion trails. It is within the realm opgpossi bila cyethar 
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increased air traffic could result in 100% high altitude 
cloud cover along the air routes. While we can expect 
rain to remove the things we put into the air at a low 
altitude relatively rapidly, the high altitude materials 
remain in location for a longer time and may produce long 
term effects. 

Clouds are very effective in reducing the amount of 
energy that reaches the earth from the sun. At present 
the worldwide average cloud cover is about 31% of the 
earth's surface. It has been estimated that an average 
cloud cover of 36% could reduce surface temperatures 
enough to mark the beginning of a new ice age. 

We really don't know very much about our ability to 
change the environment, and it seems that the relationship 
between weather and air pollution should be studied more 
thoroughly. It also seems unwise to wait for the answers 
before trying to reduce the amount of pollution introduced 


into the atmosphere. 
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Section Eight: 


The Changing Atmosphere 


PREVIEW 





In Section Eight students will measure, record, analyze and-- 
possibly--predict changes that occur in the atmosphere. 
Throughout the section students should be encouraged to make 
and record various measurements and observations of atmospheric 
Conditions at home and atter school. Upon completion of the 
section students should be able to correlate these data with 
weather changes as they occur in your area. 

Initial measurements are made of air temperatures 
(Investigation 8.1) and are intended to establish the 
Peeveriy ©f Observation and ~ecording of data. The origin 
On SCOnVectiIOn eurrents >, erfect of radiation .on Jand and 
Water Temperabures: measumement Of barometric pressure, and 
wind direction and speed follow as the dynamics of heated 
air are considered. 

Students move from investigations of changes in water's 
FORrmiudoer: svaGious, Conditions to the topic of cloud formation 
and types. Simple devices may be constructed to measure dew 
POlie, celative IMimidity, ard, rainfall. 

As each weather factor is considered, its periodic 


measurement and recording should be initiated. You may want 
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to encourage students to record measurements and predictions 
made by professional meteorologists on local weather reports. 
Knowledge of weather elements and patterns of change may 

lead to cautious weather predictions and perhaps an apprecia- 
tion of the meteorologist's problems in predicting weather 


change exactly and consistently. 
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Section Eight: 


The Changing Atmosphere 


WEATHER MODIFICATION 


"Curt flew into the cloud and started 
the dispenser in operation. I dropped 
about three pounds (of dry ice) and then 
swung around and headed south. 

"About this time I looked toward the 
rear and was thrilled to see long streamers 
of snow falling from the base of the 
cloud through which we had just passed. 

I shouted to Curt to swing around and 

as we did so, we passed through a mass 

of glistening snow crystals!...:We made 
another run through a dense portion of 

the unseeded cloud, during which time I 
dispensed about three more pounds of 
crushed dry ice...This was done by opening 
the window and letting the suction of the 
passing air remove it. We then swung west 
of the cloud and observed draperies of 
Snow which seemed to hang for 2-3000 feet 
below us and noted the cloud drying up 
rapidly, very similar to what we observe 


zn the,cold.box\in theylabonatory.. +s 
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While still in the cloud, as we saw the 
glinting crystals all (over;= Decurned eto 
Curt and we shook hands as I said, "We 
did it!" Needless to say, we were quite 
excited, 


"The rapidity with which the CO, dis- 


pensed from the window seemed to re 
the cloud was amazing. It seemed as 
though it almost exploded, the effect 
was so widespread and rapid... 

"When we arrived at the port, 
Dr. Langmuir rushed out, enthusiastically 
exclaiming over the remarkable view 
they had of it in the control tower of 
the G-E Lab. He said that in less than 
two minutes after we radioed that we 
were starting our run, long draperies 


appeared from the cloud vicinity." 


That is the way Dr. Vincent Schaefer described one of 
the most dramatic moments in the developing science of 
weather modification. Dr. Schaefer's attempt was not a 
lucky accident, He knew what was likely to happen and why 
the addition of dry ice to a cloud might cause snow to form, 

Early attempts at weather modification were haphazard. 
People had vague feelings that if giant cannons were fired 
rain might fall. People who attempted to relate their 
cannons and other rainmaking devices to changes in the 
weather had incomplete or incorrect ideas of the causes of 
rain. 

An understanding of weather begins with careful 
observation. ("The temperature is now 24 degrees with wind 
from the . ..") The next step is the development of 
models which are consistent with observations and are 


useful in understanding past weather. ("Yesterday's showers 
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Fesurtedetrom ale. &)* *Thesthird step asi prediction; 
("Lower temperatures are expected, ranging from .. .") 

The final step involves modification. Avoiding unintended, 
unwanted modification of weather is even more desirable 
than improvement of existing conditions. 

In the next investigations you will find ways to make 
accurate observations of existing conditions. You will have 
an opportunity to develop models. Your ability to predict 
weather may be improved. You may even be able to modify the 


Uweeather sanesmalil volumes OF alr. 
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INVESTIGATION 8.1: Using a Thermometer 


Air temperature is a fundamental characteristic of the 


atmosphere. It is one of the things which is usually 





stated when the condition of the atmosphere is described. 
You are already familiar with measurement of water tempera- 
tures. Now you will start a series of air temperature 


measurements. 


Materials (per team) 


Thermometer 





Procedures 


A. Prepare a” chart similar EO Figure o.oo 
instructions given by your teacher concerning details 
OtPcne Chace. 


AIR TEMPERATURE 


Cc 


Figure 8.1. 





B. Read the thermometer and record the air temperature 


of your classroom. Make your reading as accurate as 
possible. 
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C. Compare your reading with those taken in different 


parts of the room. 
Interpretations 


1. Explain any differences between your readings and 


those taken by other teams. 
Procedures (continued) 


D.. Discuss: with your class.a way -toi-select(/ an: "official" 
thermometer and outdoor site for air temperature 


readings. 
PROBLEMS 


1. When measuring the air temperature why should the 


thermometer not be in direct sunlight? 
ADDITIONALAACUIVITALES 


1. Keep a record of the outdoor air temperature as 
measured each day in the same place and at the same time. 
Compare your record with those of other observers. Plot 


VOUr- dela-Onran graphy. 


2. Keep a record of the temperature as measured every 
nour throughoulLsmoest. ofeaaday.. Compare! yourgrecorndsewith 


those of.other: observers. Plot your data) on sa graph: 


4. 
> 
Fs 


3. Early in the morning take a series of temperature 
reacdingssat.ditterent, locations around <youn,nomé sor» school. 
Or in the same location take a series of readings ranging 
from close to the ground to the top of a step-ladder. Try 


EO.vaccount for ‘any ditrerences noticed. 
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TEACHER 
MATERIAL 


INVESTIGATION 8.1: Using a Thermometer 


Materials 


Thermometers should be inexpensive ones filled with 
either alcohol or mercury. If you ere using mercury 
thermometers, caution students against handling mercury in 
the event) that’ alist nermometer Wst broken. -Cedts ius thernomerers 
are preféerablemovers ctiose Mar kedee ne Ranrenierc. ssciOuCgtineS malic 


type wilivdo. 


Procedures 


A. ‘Ar Sampletthart as showman Baqure’ Pete. eins 


chart has space for additional columns: for dataron 





wind, pressure, and other weather elements, which 
students will start recording in future investiga- 
tions. You may, wish to have studentsweallow space 
fore these ecoltimnisson tivetrveemperacuvecharts,, OF 
you may wish to have them keep additional data on 
separate sheets. A classroom size wall chart could 
be made on which observations are entered daily. 
The chart shown provides space for readings made 

at three different times each day. This anticipates 
that some students will make observations before 
school feotherssduring lass¥eime. eres ce noot rece. a. 
and others after school. Some students may wish to 
make records of temperatures given in newspapers or 
on television weather reports. As new elements are 
considered, different teams could be assigned to 


collect data related to the various’ elements. ~ From 
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these data students can begin to correlate changes 

in one element with variation in others. When trends 
become’ recognized, the next ‘step, weather prediction, 
should be a useful activity for students to attempt. 
LDe@ rine leeceivityi this section deals.with analysis 


of weather data. 





B. Temperature readings should be expressed in degrees 
Celsius. 

C. There will probably be slight differences between 
readings of different teams. 

Interpretations 

1. Differences may be due to érror in reading the 





Pie hiovet eco eerie tleCrmOomevrereLesSelr,.Or actual 


temperature differences in various parts of the room. You 


May want to have students take readings in different parts 


of the room with the same thermometer to verify their answers. 


Peace mole cing aii che tinermomecers in one place should weveal 


thermometer error. 


Procedures (continued ) 


D. 


An average temperature can be determined from 
readings of several thermometers in the same 
location. The single thermometer nearest the 
average can then be selected as the official 
LoSsGrument. she outdoor site should be in an open 
but shaded place. (See Problem 1 below.) 
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PROBLEMS 


1. The temperature shown by a thermometer held in the 
sun will generally be higher than the air temperature. The 
amount of difference depends upon the particular type of 
thermometer used. By convention, all air temperature 


measurements are read in the shade. 
ADDITIONAL ACTIVITIES 
1. If several students take readings at the same time 


of day their reading can be averaged. If one or more students 


take the temperature at Gach of Ene three eimes) suggescea, 





their data can be announced during class each day for use by 
the rest of the students. Encourage students whose homes 
have thermometers to make early morning and late evening 
readings. ~The purpose of the activity isetonbusidgiup 
temperature records which can later be correlated to other 
weather elements, such as cloud type and wind direction. 
Suggest standard time scales (such as lcm/day) to 
be used in constructing all graphs of weather phenomena. 
The time scale should run horizontally and the other scale 
(temperature, barometric pressure, etc.) vertically. This 
will allow for easier comparison of graphs and correlation 


of observations. 


2. SheypurposesoL Chis AClivity tou tLomescablisiiaa 
background of normal changes in temperature throughout a 
day. A student, who, knows from such an activary wiau sorts 
of temperature variations to expect is more likely to 
recognize unusual changes in temperature which accompany 


changes in the weather. 


32) (The activity should be. conducted early ian the 
Morning, sincerair is more likely togbe unmixed at that 
time. Temperature differences of several degrees can often 
be detected at points only a few meters apart. Encourage 


students to speculate on causes of any temperature variations 
noticed. 
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OPTIONAL INVESTIGATION: Dust in the Atmosphere 


Air pollution .is a much discussed topic. The particles of 
matter that are released into the atmosphere are one form of 
air pollution. In this investigation students determine the 
amount of particle fallout from the atmosphere. Because of 
the need for a balance which might not be available in 
every class, and because of possible difficulties in 


scheduling, the investigation is listed as optional. 


Materials 


Scale, sensitive to .Olg 

Glass plate, 2" x 6" or microscope slides, 1" x 3" 
Petroleum jelly 

Masking tape 


Procedures 


A. Place four microscope slides on a flat surface so 
that they form a rectangular plate. Tape the 


slides together to form a single unit 4 x 6 inches. 


B. Find the area of the plate (multiply length x 


width) and record this in your notebook, 


C. Apply a smooth, even coating of petroleum jelly to 
the taped surface of the plate. 


D. Weigh and record the weight of the coated plate to 


the nearest hundredth of a gram. Be careful not to 


touch the coating once you have made your weighing! 
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Set the plate (coated side up) out in a place 
where it will not be disturbed. Make sure that 
there are no obstructions (trees, roof, porch, 
etc.) directly above the plate. A rooftop is an 
excellent place to set the plate. It should be 
placed so that the plate is lying in a flat, 


horizontal position. 


Expose the plate for 15 days. If rain or snow is 
expected, bring the plate in so that no precipita- 
tion washes the coating. Replace the plate after 


the storm passes. 


After fifteen days of exposure, return the plate to 


the classroom and record its weight. 


Determine any change in weight that has occurred 


during the exposure time. Record your answer. 


Interpretations 


Lt 


How much dust has fallen out of the atmosphere 


onto your plate during the exposure time? (Responses will 


vary. 


Es 


A typical amount would be .05g.) 


Procedures (continued) 


Particle pollution fallout is often recorded as 
weight of fallout/square mile/month. If your glass 
plate had an area of one square mile and you left 
it out for a month you could arrive at an answer 
by simply determining the change in weight of the 


square mile plate. Since this is impractical, 
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small sample plates such as the one you set out 
are used. The small sample fallout figure is then 


converted to the weight/square mile/month figure. 


J. To find the fallout per square mile per month, 
mULEIpIlY the Goineimewercnteocs! 172,000. “Your 
answer will be in pounds of fallout per square 


mile per month. 
Interpretations 


2. How much fallout per square mile per month does 
your sample indicate for your area? (A typical value would 


be 73,500 pounds/square mile/month. ) 


3. What sources of particle pollution exist in your 


community? (Answers will vary.) 


4, What time of year do you think the atmosphere 
would contain the most particle pollution? Explain. 
(Summer because in general there is less rainfall and 


the air contains more particulate matter. 
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INVESTIGATION 8.2: An Effect of Heating 


Materials 


Shoe box 

Saran wrap 

Aluminum foil 

2 cylindrical cardboard tubes 
Sheet of black construction paper 
Short candle 

Paper towel 

Matches 

Scissors 

Masking tape 

Scotch tape 


Procedures 


DN 


Tape a piece of black construction paper in the 
bottom of a shoe box. Cut two openings about 15cm 
apart on one side of the shoe box just large enough 
for the tubes to fit. 


Line one of the tubes with aluminum foil to make it 
fire-resistant. Tape the tubes in the openings as 
shown in Figure 8.2. They should extend about one 


centimeter into the box. 


Cut a large rectangle out of the lid. Cover the 
hole with a piece of Saran Wrap taped to the lid. 


Remove the lid and place a small lighted candle 


under the foil-lined chimney. Close the lid. 
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tube with 
aluminum foil 


ae 


Figure 8.2. 
saran wrap black paper 
WINGOW IN 11 nme inside bottom 
of box 


candle 


E. Moisten a rolled paper towel slightly, light it 
with a match, and blow out the flame. Hold the 
smoking paper over the chimney above the candle. 

Interpretations 

Lo) Describe-the results of Procedure EH. 


Procedures (continued) 


F., Repeat Procedure E, but hold the smoking paper 


above the other chimney. 
Interpretations 


2. Describe the results of Procedure F. 


SNC COULTON LOimcLLy, differences observed in the results 


of Procedures E and F, 


The device you have been observing is a convection 
box. Behavior of the earth's atmosphere can be compared 


Om cHiGmCUisren tit scminm chem bOs, 
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Interpretations 


4, Where do you think rising air would be more likely 
to be found, over a warm area of the earth's surface or 


over a cool area? 


5. Do you think winds are more likely to blow toward 


a warm area or toward a cool area? 


6. In this investigation a candle caused air to be 
warmed. What do you think heats different parts of the 


earth's atmosphere? 
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TEACHER 
MATERIAL 


INVESTIGATION 8.2: An Effect of Heating 
Materials 


Cylinders from toilet tissue can be used for the 


chimneys. 
Procedures 
AW lrecing the outline of the tube on the side of 
the box should help in cutting a hole the right 
Size Lror™a snug=@rie. 
B.-E. No comment. 


Interpretations 


1. The heated air rising above the candle causes the 


smoke from the towel to rise. 

Procedures (continued) 

F, “No ‘comment. 

Interpretations 

2. The smoke should be seen to pass down through the 
chimney over which it is held, along the bottom of the box, 


and up through the chimney above the candle. The black 


paper makes the path of the smoke more easily visible. 
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Figure T-8.2. 





3. The air near the candle is heated and becomes less 
dense. Cool air in the other chimney is more dense than 
the warmer air. The cooler air descends, forcing the warm 


air out through the chimney over the candle. 


4, Rising air is generally found over warmer parts 


of the earth's surface. 


5. Winds have a tendency to blow toward warm areas, 


i.e. areas of low pressure. 


6. The earth's surface is warmed by sunlight which 
strikes it. 

Air adjacent to the earth's surface is warmed by 
it. Different parts of the surface are warmed by different 
amounts giving rise to varying air temperatures. The warmer 
bodies of air tend to have lower pressure than do cooler 
bodies. This line of reasoning leads to the next topic, 


direct measurement of pressure differences in the atmosphere. 
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TEACHER 
MATERIAL 


INQUIRY DEMONSTRATION: The Aneroid Barometer 


The pressure of the atmosphere on people and on objects at 
the surface of the earth is so constant that it is not easy 
to recognize that it exists. The pressure becomes noticeable 
only when a person changes elevation rapidly and his ears 
"pop." Minor variations in pressure are very important in 
anticipating and explaining weather changes. Barometers, 
devices which can detect these minor variations, are of two 
types: mercury and aneroid. 

Mercury barometers are easy to construct but are not 
recommended because of the health hazards associated with 
the handling of mercury. 

The purposes of this demonstration are to show the 
existence of air pressure and to develop the principles of 


the aneroid barometer. 
Materials 


Emptyudittosf£luicdycan 

l-hole stopper to fit 

Short length of giasceeucindG 

10 feet of rubber tubing 

Dishpan or bucket (2-quart capacity) - 
Stmuing 

Aneroid barometer 

SUP POL EE rOmneam 

Water glass 


File card 
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During the demonstration the can is to be placed 2m or 
more above the floor of the room. If there is no shelf, 
bracket or other attachment at this height in your room you 


may wish to borrow a step-ladder. 
Before class, assemble the glass tubing, rubber tubing, 


and stopper as shown in Figure T-8.3. Place the dishpan on 


the floor under the support for the can. 


glass geass supported 


tubing approximately 
2m above floor 


dish pan 





Figure T-8.3. 


Procedures 


Lift the can, apparently with some effort. Ask the 
students whether they think it is full or empty, what it is 
filled with, etc. Remove the lid, invert the can and show 
that it has nothing in it. However do not agree that it is 


empty. Be non-committal. 
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Fill the can with water. Completely fill the tubing 
with water and tie or clamp the end so that no water will 
be lost. Insert the stopper with tubing attached. Ask 
the class what they think will be done with the apparatus. 


Raise the can to 2m or more above the floor. Place 
the can in position, top down, with as much of the can in 
view as possible. It is not possible to predict which side 
of the can will collapse. Ask students what they think 
will happen if you open the end of the tubing. (Some will 
probably predict, correctly, that the water will run out.) 


Open the end of the tubing; allow students to see that 
water does run out of it. Place the end of the tubing in 
the dishpan. Call attention to the can. As water runs 


from it, the can will very slowly and dramatically. be crushed. 


Ask the students for observations, predictions as to 
how far the can will be crushed, etc. Focus attention on 
responses involving words such as "crush" and "squeeze." 
Such responses are likely, since the can does indeed give 
the appearance of being crushed. Try to avoid using terms 
such as "vacuum," "Suction," and "collapse," as these words 


draw attention to the inside of the can. 


Depending on the particular can used and the height at 
which it was suspended, the crushing will go on to a greater 
or lesser extent. After the can has been reduced to half its 
original volume or less, lower the can from its support and 
empty the last of the water from it. Hold it up for inspec- 
tion and invite suggestions as to what has happened. (Again 
concentrate on words such as "crush.") What caused the 
"orushing"? (The weight or pressure of the atmosphere, ) 

Why wasn't the can crushed when it was first shown? (There 


was air pressure inside it pushing out.) Then was it really 
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"empty"? (No.) Why did the side of the container get 


pushed in? (That is where the pressure came from. ) 


State that if air pressure really did crush the can it 
should be possible to "uncrush" it with air pressure. 
Re-insert the stopper and invite one of the students to 
blow into the tube. (Hard blowing should partially restore 
the can.) Why can't the can be totally brought back to 
Shape? (Air pressure from the atmosphere must be greater 
than the pressure developed within the lungs.) Why is it 
necessary for a deepsea diver to breathe compressed air 
as he descends? (Water pressure added to atmospheric 


pressure would otherwise tend to compress his body. ) 


Hold the file card by one end in front of the class 
horizontally. Ask why the weight of the atmosphere doesn't 
push the other end downward. (There is also pressure 
pushing up on its lower surface.) If there is such pressure, 


it should be possible to demonstrate it. 


Fill a drinking glass completely full of water. A 
beaker will not work for this demonstration because its 
pouring lip breaks the regular outline of the rim. Place 
the file card on the glass and hold it in place. Invert the 
glass and remove the hand which supports the card. Ask 
what is happening. (Air pressure pushes the card upward 
with greater force than the weight of the water exerts 


downward, ) 


Exhibit the aneroid barometer. Explain that it contains 
a "Can Similar to the one you saw." The can has had the air 
removed from it. Why do you suppose this is necessary? 
(So that temperature changes will not cause the "can" to 
expand and contract.) Why does the can not collapse? (It 


has been made strong enough not to. Its small size reduces 
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the total ‘force against it.) What would slight increases in 
atmospheric pressure do to such a can? (They would cause 
its volume to be reduced slightly.) What would happen if 
the atmospheric pressure decreased slightly? (The springi- 


ness of the metal would cause the can to increase in volume. ) 


Explain that these slight changes in volume, resulting 
from pressure changes, are indicated by the pointer on the 
barometer. If a classroom barometer is available, encourage 
students to read it several times a day and record or plot 
readings for later analysis. If a classroom barometer is 
not available, newspaper or television weather reports can 
be watched for the data needed. In some cities recorded 
weather conditions and predictions may be obtained by 


telephone. 
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INVESTIGATION 8.3: Heating Land and Water 


Mate 


EROS 


Ae 


Figure 8.3. 


rials (per team) 


Ring stand and ring 
2 beakers or jars 
Soil or sand 

2 thermometers 
Flood light 


edures 


Label the beakers A and B. Fill beaker A with soil 
to within one centimeter of the top. Fill beaker B 
with water at room temperature to within one centi- 


meterroLethe top? 


Copy Figure 8.3 in your notebook, 


TIME SOIL TEMP WATER TEMP 





Place beakers A and B side by side on your desk or 
table. Position the flood light about 20cm from 
the beakers so that the surfaces of the contents 


Of each beakermamilll deer lighted <equailily:. 
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thermometers 


Figure 8.4. 





D. Suspend the thermometers from a ring stand so that 
their bulbs are just below the surface of the soil 
and the water (as shown in Figure 8.4). Read and 
record the temperature shown by each in the chart 


on the line labeled START, 


BE. Turn on the flood light.| After five minutes, read 
and record the temperatures. Repeat temperature 
readings at five-minute intervals for a total of 


twenty minutes. 


Interpretations 


1. How many degrees temperature change occurred in 


the soil during the twenty-minute interval? In the water? 


2. What is the average temperature change per five- 


minute interval in the soil? “In the watere 
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3. What do the results of this investigation suggest 
about the daytime air temperatures over land and ocean along 


a coast line in the summer? 


4, What kind of daytime wind patterns would you expect 


to find along a coast in the summer? 


FORSEURTHE REACT LV PEM 


1, Design and carry outvan investigation to find out 
the cooling rates of land and water. 


Problems 


1. How would heating rates of earth and water affect 


coastal wind patterns at night? 


2. How would heating rates of earth and water affect 


oceans and continents during winter? 
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TEACHER 
MATERIAL _ 


INVESTIGATION 8.3: Heating Land and Water 
Materials 
Dry garden soil or sand give good results. 
If flood lights are not available, placing the beakers 
outdoors in direct sunlight gives even better results. 
Procedures 
A. Allowing the water to stand overnight in a closed 
container will ensure that the soil and water will 
be at the same "Starting" temperature, 


1B}. No comment, 


C. The light should strike the surfaces at about a 
fo) 
45” angle. 


D.-E. No comment. 
Interpretations 


1. Sample results are: soil temperature increases 


about 6°C while water temperature increases about eek 


2. Soil temperature increases about lets every five 
minutes; water temperature increases about .75°C every five 


minutes. 


3. Daytime air temperatures over land will be higher 


than air temperatures over water. 
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4, On-shore breezes are found along temperate coasts 
in the summer. Descending air over the cooler water moves 


shoreward to replace warmer air rising over the land. 

FOR FURTHER ACTIVITY: 

Students can use a Similar experimental design to heat the 
soil and water, remove the heat or light source, and record 
cooling rates. 


Problems 


1. At night when the land is cooler than the ocean, 


off-shore breezes are produced. 


2. Similar effects on a larger scale occur ona 
seasonal basis. Strong heating of the inland areas produces 
low pressure centers over continents during the summer. In 


winter the continents cool more rapidly than do the oceans. 
High pressure centers develop over continents and low 


pressure CencersmOvVerseOceans. 


202 


INVESTIGATION 8.4: Wind Direction and Speed 


Wind direction and speed are two important elements to be 
considered when weather is being analyzed. Changes in 

wind speed and direction are often useful as indications of 
approaching weather conditions. Winds are "named" according 
to the direction of their origin. A north wind, for example, 


blows from the north toward the south. 


Materials (per team) 


Wire coat hanger 
Wire cutter 

5 5x_Oeetiile card 
Scissors 

Thread 

Paper clips 


Magnetic compass 


Procedures 


A. Cut out the twisted portion of the coat hanger by 
making two cuts, one on each side of the base of 
the handle. 


B. Bend the remaining wire to form a frame similar to 


that shown by the broken lines in Figure 8.5. 


C. Cut the file card to the shape shown in the figure. 
The narrow end should be 2.5cm wide, and the wide 


end 10cm across, 


D. Tie the end of a 25cm piece of thread to one end 
of the wire frame. Loop the thread around the 
other side. Pull the two sides together until 


Piguce.G.5. 
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™— hanger 


oS 


file card handle 





the frame is in the shape shown by the solid lines 
in Figure 8.5. Tie the thread so that the frame 


is held in this position. 


Tape, the card firmly .to the. thread at, .a.point,3:.5cm 


from the narrow end of the card as shown in Figure 8.5. 


Take the apparatus and a magnetic compass outside 
to a place where a breeze is blowing. Hold the 
frame so the thread is in a vertical position. 
Using the compass, determine the direction from 
which the wind is blowing. Compare your answer 


with those obtained by other teams, 


Interpretations 


Le 


PRA 


aA 


From what direction is the wind blowing? 


How is such a wind described? 


Account for any differences in wind direction 


determined by other teams. 
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Procedures (continued) 


G. Hold the frame so the thread is in a horizontal 
position and a flat side of the card faces the 
wind. If the card is deflected more than 45° 
add paper clips to the wide end until the card is 
deflected at about a 45° angle. 


Interpretations 


4, How many paper clips were needed to obtain a 45° 


deflection? 
FOR FURTHER ACTIVITY 
Design and carry out an experiment to convert number of 


paper clips needed to maintain a 45° deflection angle of 


the wind speed indicator to wind speed in miles per hour. 
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TEACHER 
MATERIAL 


INVESTIGATION 8.4: Wind Direction and Speed 


After constructing the wind vane-anemometer, students can 


take regular readings to add to their weather analysis 


charts; 

Materials 
No comment 

Procedures 

A.-B. Caution students not to cut themselves on the 
sharp ends of the coat hanger. 

C. No comment. 

D. It is important that the thread hold the wire 
frame under tension. 

E. The thread must be taut and the card taped securely 
to it. The card will then remain straight when the 
frame is held with the thread vertical. 

F. Wind directions near buildings or other large 
objects tend to be quite erratic due to local 
drafts and currents. 

Interpretations 

1. Answers will vary. Students should realize that the 


small end of the card points to the source of the wind. 
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2. Answers should be the same as those given for 


Interpretation 1. 
3. Large objects produce eddy currents in moving air. 
Procedures (continued) 


G. Recording wind speed as a "two clip wind, or three 
clip wind" can give worthwhile comparisons of wind 


speed on successive days. 
Interpretations 
4. Answers will vary. 
FOR FURTHER ACTIVITY 


The wind speed indicator can be calibrated by recording 
deflection angle (or paper clip number) and speedometer 
readings in a moving automobile while holding the indicator 
out the window. Such calibrations should be made on a calm 
day. 

Bicycles with speedometers may also be used. 

Speeds of up to 10-15 miles per hour may be attained 
by running. 

Students may have to be told that moving the wind vane 
through still air at 10mph produces the same effect as 


holding the vane stationary in a 10mph wind. 
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INVESTIGATION 8.5: An Effect of Cooling 


In previous investigations you have considered temperature 
and its effects on air. There seems to be a relationship 
between temperature, air density and winds. 

Now you will investigate an effect of temperature on 
the composition of air. By changing temperatures you may 


find evidence for an important component of the atmosphere. 
Materials (per team) 


2 beakers 


Ice 
Procedures 


A. Label the beakers A and B. Half fill beaker A 
with ice and add just enough water to float the 
ice. 


B. Half fill beaker B with water at room temperature. 

C. Wipe dry the outside of both beakers, Observe 
the outside of the beakers closely for several 
minutes. Describe and record any changes you see. 
Be careful to note the appearance of any "new" 
substances on the beakers. 


Interpretations 


1. Did any "new" material form on the outside of 


beaker A or B? If so, which one(s)? 


2. Does the "new" material resemble water? 
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3. Assuming it is water, where do you think it came 


from? 


4. What differences are there in the contents of 


beaker A and B? 


5. What differences do you think there are in the 
temperatures of the air that immediately surrounds beaker A 


and the air around beaker B? 
Procedures (continued) 


D. Observe the flask of boiling water that has been 
setyup. ..Look closely at the’ space Gust abovestne 
hole, taking care not to get burned. Make a sketch 
of what you see near the top of the flask. 


Interpretations 


6. The fog that you may see near the hole consists of 
small droplets of liquid water. Where do you think this 


water came from? 


7. What evidence do you have to suggest that water may 


exist in a form that cannot be seen? 
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ADDITIONAL HOME ACTIVITY 


Procedures (continued) 


E. Observe the cold unit of a refrigerator which has 


not been defrosted recently. 


Interpretations 

8. Is there any evidence of moisture on the freezing 
Unite 

9. If so, in what form is the moisture? 


Ogee How didi t cet owhere 1 & 1s? 
Procedures (continued) 
F. Place a measured one-half cup of water in a dish. 
A relatively flat dish is preferable to a deep one. 
Place dish and water in a place where it will not 


be disturbed for 24 hours. Do not place a cover 


over the water. 
After 24 hours measure the remaining water. 
Interpretations 
11. How much water is left? 


12. How much water disappeared? 


13. What happened to the water which disappeared? 
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Procedures (continued) 


G. On a cold day watch your breath form a mist. 


Interpretations 


14, Why is your "breath" visible? 


15. In what form is the water in your breath when it 
is visible? 


16. Why do you think your breath cannot be seen on 


warm days? 
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TEACHER 
MATERIAL 


INVESTIGATION 8.5: An Effect of Cooling 


Students observe the "disappearance" (evaporation) of 

liquid water and in other places observe the appearance 
(condensation) of visible water. It is to be inferred that in 
between, the water was present but in an invisible form. 

The situation is somewhat analagous to that of a rifle 
bullet. The bullet in flight cannot be observed directly. 
Instead, it is observed before firing and again after it 
has stopped. It is reasonable to assume the bullet continued 
to exist, even when it could not be seen, 

The students should also observe that temperature 
changes are related to the appearance and disappearance of 


liquid water. 

Materials (for teacher demonstration) 
Erlenmeyer flask 
One=-hole stopper 
nisene SUAS 
Ring stand 

Procedures 

A.-C. No comment. 
Interpretations 
1. Yes, droplets appear on beaker A. The time required 


for them to form will depend upon the room temperature and 


the water vapor content of the air (the relative humidity). 
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2. Yes, the new material looks like water. 


3. The water came from the air. If there is a tendency 
on the student's part to raise the problem of possible 
seepage or leakage, they should be asked to account for the 
absence of water on beaker B. Some students, however, may 
continue to believe that seepage is occurring. If so, 
experiments with cans (sealed) of everything from dog food 
to ravioli may be conducted. Regardless of contents of can, 
liquid water forms on the outside if the can has been 
chilled. Even solid cans (i.e. blocks of metal) will show 


condensation if refrigerated and then exposed to the air. 
4, The contents of A are colder than B. 


5. The temperature of the air near A will be colder 


than the air around B. 
Procedures (continued) 


D. Half £111 a flask with water and. Gite tawithea 
one=-hole stopper. Bring the water to a slow boil. 
Caution students about the danger of burns from 
the escaping steam. A short distance from the 
spout (the hole in the stopper) a cloud may appear. 
Between the spout and the cloud is a space in which 


nothing can be seen. 
Interpretations 
6. The water in the cloud came from the flask. 
7. The cloud must have come from the flask. Between 
the flask and the cloud there was a space in which nothing 


could be observed. It seems likely that there was water in 


this space. It simply was in an invisible form. 
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ADDITIONAL HOME ACTIVITY 


Procedures (continued) 


lay No comment. 


Interpretations 


8. Yes, there should be evidence of moisture on the 


freezing unit. 
9, ~Itewas, solids (ace).. 

10. Before freezing onto the unit the water was in the 
form of water vapor. Some of this may have evaporated from 
unwrapped foods in the refrigerator. The rest entered as 
part of the air that came in each time the refrigerator 
door was opened. 

Procedures (continued) 
Ee Noe comments. 
Interpretations 

11. Answers will vary. 

12. Answers will vary. 

13. The water that disappeared changed into water 

vapor. This procedure is perhaps more convincing than 


Procedures C and D because of the lack of obvious clouds of 


re-condensed liquid water. However, it takes more time. 
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Procedures (continued) 


G. No comment. 


Interpretations 


14, Water vapor in the breath is condensing into 


visible droplets of liquid water. 


15.) When water dnmsther breathes wwiticstblestenrso nia eehe 


form of droplets of liquid water. 


16. The water vapor does not condense into visible 
droplets of liquid water. This suggests the important 
idea that the ability of the air to contain water vapor is 


related to the temperature. 
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INVESTIGATION 8.6; Finding the Dew Point 


The procedures in the last investigation were designed to 
help show you that under certain conditions, liquid water 
may "disappear" (evaporate) into the air. When this happens, 
it changes from a liquid to an invisible gas called water 
vapor. Atsotherstimes, water vapor inethe air icondenses 
(joins together) to form drops, and liquid water "appears" 
out of the air. One of the conditions that affects these 
processes is air temperature. If air (containing water 
vapor) is cooled, there will be a point reached at which 
the water vapor in the air begins to condense and form a 
liguid. In a volume of air, the temperature at which water 
changes from a gas to a liquid is called the dew point. 

In this investigation you will determine the dew 


point in your classroom. 
Materials 


Thermometer 

Tin can 

Water (at room temperature) 
ice 

Stirringercod 


Towel 
Procedures 


A. Remove the label from a tin can. Add water that is 
at room temperature (or warmer) until the can is 
half full. Wipe dry the outside of the can with a 


paper towel. Place the thermometer in the can. 
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B. Add a few small pieces of ice while stirring the 
mixture. Use a stirring rod rather than your 
thermometer to mix the ice and water. 
Other members of your team should carefully 
observe the outside of the can. After a minute or 
two, add another piece of ice, stir and wait. 
Repeat this process until dew is observed. At 
the first signs of water droplets or dew, read 
the thermometer. Record the water temperature in 
your notebook. 
Interpretations 
1. Assuming that the air immediately surrounding the 
can was at the same temperature as the contents, what is 
the dew point temperature of the air in your classroom? 
Compare this with readings found by other teams. 

2. If all the air in the classroom were cooled to its 


dew point, what would you expect to see? 


Procedures (continued) 


Ce 


Repeat this activity to find the dew point 
outdoors. 
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TEACHER 
MATERIAL 


INVESTIGATION 8.6: Finding the Dew Point 


Materials 


Shiny tin cans work best for this investigation. 


Procedures 


A. No condensation should appear if the water is the 


Same temperature or warmer than the air. 

B. If the air is very dry, the dew point may be below 
freezing. The addition of salt to the ice and 
water will further lower its temperature. 

Interpretations 

1. Answers will vary. 

2. Fog would appear in the room, 


Procedures (continued) 


C. You may want to send only one team outdoors to do 


Chis dCtivity,=tacher than the entire class:, 
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INVESTIGATION 8.7: Measuring Relative Humidity 
You have found that air contains water vapor. The rate at 
which liquid water changes to water vapor is affected by 
the temperature. You will now investigate another factor 
which affects the rate at which water will evaporate. 
Materials (per team) 

Thermometer 

Small piece of cloth 

Water 

File card 

Rubber band 


Procedures 


A. Hold out two fingers of one hand. Fan the fingers 


with a file card. 


Interpretations 


1. What sensation of temperature do you notice? 


Procedures (continued) 


B. Moisten one of the two fingers in water. Again 


fan the two fingers with a file card. 


Interpretations 


2. What difference in temperature is noticed in the 


wet and the dry fingers? 


8. YHow do you account for: this difference? 
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Procedures (continued) 
C. Hold the two fingers about 5cm in front of your 
mouth. Blow first on one finger and then on the 
other. 


Interpretations 


4, What difference do you notice between results of 


Procedures B and C? 

5. How do you account for this difference? 

Procedures (continued) 

D. Read the thermometer and record the temperature 
shown by it in your notebook. Label the reading 
"dry bulb." Fan the thermometer with the file 
card for about one minute. Read and record the 
temperature a second time. 


Interpretations 


6. What difference, if any, was there in the two 


thermometer readings? 


7. Why do you think the thermometer behaved as it 


did when it was fanned? 
Procedures (continued) 
E. Cover the bulb of the thermometer with a single 


thickness of cloth. Fasten the cloth in place 


with a rubber band as shown in Figure 8.6. 
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Moisten the cloth and fan the thermometer for one 


minute. Record the temperature in your notebook. 
Label this reading "wet bulb." 


thermometer 


Figure 8.6. 


cloth 
rubber band 





Interpretations 


8. What is the temperature difference between the 
dry-—bulb reading (Procedure D) and the wet-bulb reading 


(Procedure E)? 


Procedures (continued) 


F. Figure 8.7 is a chart of relative humidities. Use 
the temperature difference you found in 
Interpretation 8 to enter the chart from the top. 
Use the dry-bulb thermometer reading to enter the 
chart from the left. The number in the chart 
found at the intersection of the two entries is 


the relative humidity. 


Interpretations 


9. What is the relative humidity as shown by the chart? 
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Figure 8.7. 
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2. Why do you think people 


weather? 


3. Suppose the temperature 
the same as the reading you made 


amount of water vapor in the air 
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fan themselves in warm 


in your classroom stayed 


in Procedure D, but the 


increased, 


a. Would this cause a greater or smaller difference 


in temperature between dry-bulb and wet-bulb 


thermometers? 


b. As shown by the chart, would the relative 


humidity be greater or less than the actual 


measurement you made? 


4, What do you think the relative humidity would be 


if the air in the room was cooled to the dew point? 


5. Why do cooking pots frequently have lids? 
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TEACHER 
MATERIAL 


INVESTIGATION 8.7: Measuring Relative Humidity 
The rate at which water evaporates increases with increasing 
water temperature. It also increases as the amount of water 
vapor in the air (relative humidity) decreases. In this 
investigation students will determine the relative humidity 
by observing the cooling effect of evaporation. 

Materials 

Thread may be substituted for the rubber band, 

Cotton cloth is preferable to synthetic fabric in this 
application. 

Procedures 

Aj No comment, 

Interpretations 

1. The fingers feel cooler when fanned. 

Procedures (continued) 

Bee NOmeComine inter 


Interpretations 


2. The wet finger feels noticeably cooler than the 
GEV Lager. 
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3. Answers will vary. Encourage speculation. Actually, 
fanning carries away molecules of water vapor before they 
have a chance to "fall back" to the liquid phase. The 
molecules which are removed tend to be the more energetic 
ones. The molecules left behind are those with less energy 
(lower temperature), so the wet surface feels cooler. At 
the student level, a recognition that evaporation produces 


a cooling effect is sufficient. 
Procedures (continued) 
Coe Noy comments 
Interpretations 


4. The dry finger is cooled very little, and the wet 


finger somewhat, but not as much as when fanned. 

5. The breath is very humid. Water will not evaporate 
into it at a very great rate. Therefore little evaporative 
cooling occurs. Of course the breath is also warmer than 
room air and this may decrease the cooling effect. 

Procedures (continued) 

DN Ome Onme tater. 

Interpretations 


6. There is no difference between the readings. 


7. Since there was no moisture to evaporate, the 


thermometer would not be cooled by fanning. 
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Procedures (continued) 

E. One minute of fanning should be sufficient. If 
the temperature of the wet-bulb thermometer is 
still dropping, the fanning should be continued 
till the lowest possible reading is obtained. 

Interpretations 

8. Responses will vary. 

Procedures (continued) 

Be NOmGComment 

Interpretations 

9. Responses will vary. 

Problems 

1. The aim of the procedures is to determine the 
relative humidity of room air. Blowing on the thermometer 
would result in readings reflecting temperature and relative 
humidity of the breath. 

2. Even though people are not always conscious of 
perspiration, the skin is slightly moist. Fanning evaporates 
this moisture and produces a cooling effect. 

3. a. With more water vapor in the air, cooling due 

to evaporation would be less pronounced and 
there would be less difference. 


b. A smaller temperature difference reflects a 


higher relative humidity. 
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4, The relative humidity is 100% at the dew point. 


5. When the air between liquid and lid reaches 100% 
relative humidity no more evaporation of liquid can take 
place. The temperature of the substance being cooked rises, 


and water loss is decreased. 


Relative humidity is an expression of the ratio of the 
amount of water vapor in the air (humidity) to the amount 
of water vapor that air at that particular temperature could 
hold if saturated. For students, it is sufficient to know 
that relative humidity expresses the dryness or moistness 
of the atmosphere, 

Students should be encouraged to determine relative 


humidity daily, recording values with other weather data. 
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INVESTIGATION 8.8: Forming Clouds 


Clouds are made up of large numbers of tiny drops of liquid 
water. Clouds form when conditions are such that water 
vapor will condense into liquid water. 

What are the right conditions? In a previous investi- 
gation you observed that a lower temperature favors conden- 
sation, 

In thencLassroom/ it) issoftenndiLéfi cul trtopcoolair 
directly in order to produce clouds. You can, however, 
use a method which involves pressure changes to produce 
clouds. 

You will also investigate other "conditions" of cloud 


formation, 


Materials 


2 glass bottles (1 quart or larger) 
Matches 


Procedures 


A. Hold the bottle mouth down so that the inside of 
the bottle will not get wet. Wash the mouth of 


the bottle with soap and water. Rinse and dry. 


B. Place your lips against the mouth of the bottle. 
Be sure to make a tight seal. Increase the pressure 
inside the, bottle by. forcing vaiswpinto it. (Caution: 
Don't blow too hard; you could damage your ears!) 
Quickly remove your mouth from the bottle, allowing 
the pressure inside the bottle to drop suddenly to 


normal, 
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Interpretations 


Me 


Was any fog or cloud observed in the bottle as the 


pressure dropped? 


Procedures (continued) 


C. Place about one tablespoonful of water in the 
bottle. Swirl the bottle to coat its walls with 
water. Repeat the process of increasing and 
decreasing the pressure within the bottle. 

Interpretations 

2. Was any fog or cloud observed? 

3. If so, was the fog more or less noticeable than 


the fog (if any) of Procedure B? 


Procedures (continued) 


D. Be cautious in using and discarding matches. 
Polloweyour ansStructor Ss directions. Hold the 
bottle mouth downs, “Light a match. As Soon as 
the tip of the match has finished flaring, blow the 
Match Out. 

Allow a wisp of smoke from the match to enter 
the bottle. Repeat the process of increasing and 
decreasing the pressure within the bottle. 

Interpretations 

4. Was any fog observed? 
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5. If so, how does this fog compare to other fogs 


that may have been formed earlier? 

Procedures (continued) 

E. Rinse out the bottle and set it to drain. Let 
a little smoke into a thoroughly dry bottle. 
Do not, however, place any water in the bottle. 
Increase and decrease the pressure within the 
bottle. 

Interpretations 


655 Di dwa, cloudy formniwithunmehnembotrue.: 


7. What three conditions ace needed for best) formation 


of a cloud? 
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TEACHER 
MATERIAL _ 


INVESTIGATION 8.83.) Forming, Clouds 


Compressing a gas such as air causes its temperature to 
rise. If a tire pump is available it can be used to 
demonstrate this effect. The tube leading from the pump 
to, say, a football will be noticeably warmed as the pump 
is operated. Air escaping from a football or tire is 
cooled again as it expands. 

In this investigation students will increase the 
pressure within a bottle by blowing into it. When the 
pressure is released the air remaining in the bottle will 


be cooled, 
Materials 


Quart size or larger bottles work best. Clear pop 
bottles are a possible substitute, but are not as satis- 


1EGICIEOWEW 
Procedures 


A.=-B. It would be better to wash the bottles ahead of 
time and allow them to drain before the class 
uses them. The intent is to show that little fog 
LOrMSmaMrarcryebourle. (Or course, all ain contains 
some water vapor, and so does the breath. This 
may provide enough moisture for cloud formation. 

The clouds, if any, will be more easily visible 

if the room is darkened and the bottles lighted 


EGOnmeenemscude: 
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Interpretations 
1. There may or may not be a cloud. 
Procedures (continued) 


C. This procedure ensures that there will be sufficient 


water vapor within the bottle to produce a cloud. 


Interpretations 
2. Yes, a fog or cloud was observed. 
3. The fog was more noticeable than the one seen in 


Procedure B. 
Procedures (continued) 


D. Before giving out matches it would be well to 


review safety procedures, 
Interpretations 
4. Yes, a fog was produced. 


5. The cloud was more dense than those produced 


previously. 


Procedures (continued) 


E. The idea is, in this case, to have two conditions 
(smoke and pressure changes) present without the 


third (water vapor in the air). In earlier 
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procedures there were: first, pressure changes; 
then pressure changes and water vapor; and then 
pressure changes, water vapor and smoke. 

If equipment is available, some students may 
wish to investigate the effects of producing 
pressure changes with a small hand pump rather 
than with the breath. This leads to a drier 
atmosphere within the bottle. 


Interpretations 


6. A cloud may form in the bottle but it should not 
be very dense, 


7. For best results there should be pressure changes, 
plentiful water vapor, and smoke particles. 
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NUCLET 


Clouds are made up of drops of liquid water formed from 
invisible water vapor in the air. 

Water drops are less likely to form in pure air than 
air in which small particles are present. Such particles 
are called "nuclei." Smoke is made up of large numbers of 
very small particles of solid material. 

You may wonder why the solid material does not fall 
like most solids do. The answer is that the bits of solid 
material are so small that they can be held up by the air. 
Sometime, drop a sheet of paper and watch it fall. Then 
cut off a very small bit of paper (less than 1mm on a side). 
You should notice that it falls more slowly than a larger 
piece. 

Single smoke particles are much smaller than the tiny 
bits of paper. Therefore it takes them longer to fall out 
of the air. Some would remain in the air indefinitely if 
it were not for rain, 

Ordinary air contains a certain amount of water vapor. 
If the amount of particles in the air is increased it is 
more likely that water vapor will meet nuclei around which 
droplets of liquid water can form. When there are many 
nuclei, the water vapor will form many small drops of liquid 
water. These small drops may be so small that they do not 
fall. They will remain in the air as haze, making it 
difficult to see very far. 

If there are only a few nuclei in the air, water vapor 
will not be able to turn into liquid water as easily. The 
air will remain clear until the atmosphere is cooled. The 
cooler air is less able to hold water vapor. The water 
vapor forms fewer, larger droplets, and these appear as 


clouds. 


Further cooling may cause the cloud droplets to 


become large enough to fall. As they fall the drops will 
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collect more smoke particles and carry them to the ground, 
A rain is said to "scrub" the atmosphere of dust and smoke 
particles. For that reason it is often very clear just 
after a rain. 
Sometimes rain falls in very tiny drops. Sometimes 
the raindrops are quite large. If there are few nuclei 
in the air, drops tend to be larger. 
Smoke is not the only source of nuclei for rain or 
cloud drops. Salt particles from the ocean and dust particles 


Swept into the atmosphere by wind will also serve as nuclei. 


Problems 


1. Why do you think that LaPorte, Indiana, and 
Queensland, Australia, experienced the weather changes 


described in "Air Contamination and Temperature," Section 


Seven? 
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TEACHER 
MATERIAL 


NUCLET 


The process of drop-formation in clouds is not as simple 
as is suggested in the student text. 

Although water commonly changes to its solid form, 
ice, at zero degrees Celsius, the small droplets of liquid 
water which make up clouds tend to remain liquid at well 
beneath this temperature (as low as 5 9c ie Liquid water 
at temperatures beneath o°c is said to be "supercooled." 

The cloud droplets are so small that air currents can 
holdethem aloft, and hence they do not fall as rain. In 
Ordeneton maim tomtally) the drops must grow store larger 
size... Typical raindrops range in size from 200 microns 
(2O00Stenches)mtcoy Sama Wiimerers Méy/Swanch) . 

The growth which results in precipitation occurs in 
one of two ways: 

If ice particles are present in a cloud (in addition 
to supercooled water droplets) the ice particles may grow 
at the expense of the liquid droplets. That is, the 
droplets will evaporate and the ice crystals grow. When 
the ice particles become large enough they will fall. 

If temperatures are sub-freezing all the way to the ground 
it will snow. If the air below is sufficiently warm the 
falling ice particles will melt, and observers on the ground 
will experience rain. 

Alternatively, if a large enough drop is formed (perhaps 
DyecOlMsiOnsor smaMigdroplets) it will fall, As it fails 
it will bump into more droplets and collect them into itself. 
Upon reaching a certain size the falling raindrop fragments 
into several small drops, each of which falls and collects 


more tiny droplets. 
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In the LaPorte, Indiana, area, impurities from the 
steel mills acted as nuclei and increased drop formation, 
thus producing weather unlike that of nearby areas not 
downwind from the steel mills. 

In Queensland, Australia, the smoke particles act as 
nuclei and the rain falls near the cane fields. Downwind 


there are still plenty of nuclei, but insufficient humidity 
to formPraimdrops: 
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MORE ABOUT CLOUDS 


As you have seen, the temperature at which water vapor 
begins to condense and form water droplets is called the 
dew point. When the upper air temperature drops below the 
dew point, and nuclei are present, water droplets can form 
to become a cloud, When this happens near ground level, 
the cloud is called a fog. 

Years ago, people used to depend almost entirely upon 
the clouds for information about the coming weather. The 
type of cloud, as well as the direction it moves, gives 
some indication of approaching weather. Cloud information, 
in addition to other data, is still useful in predicting 
weather, 

There are three main categories of clouds based on 
appearance, 

Cirrus clouds are wispy or feathery. They are made up 
of ice crystals and are found very high in the sky, usually 
20,000 feet or higher, 

Stratus clouds are made up of thick, gray layers. 

They can he found near the ground (in which case, the 
clouds are called fog) to a little over a mile high. The 
droplets in stratus clouds are very fine. If rain falls 
from this type of cloud, it will be a drizzle. 

The familiar cotton-puff type of cloud often seen in 
a blue sky is called cumulus. These clouds have a flat 
base, indicating the lowest elevation at which condensation 
takes place. The cloud billows up vertically. Cumulus 
clouds sometimes cause heavy showers, which may be accompanied 
by lightning and thunder. 


eae 


The three types of clouds can be further sub-divided 
into groups according to the height at which they are 
formed. 


The following chart lists the cloud types. 


Cirrus High Clouds 
(above 20,000 feet) 
Cienosteratus 
Cirrocumulus 
Altocumulus Middle Clouds 
(6,500-20,000 feet) 
Altostratus 
Stratocumulus Low Clouds 
(up to 6,500 feet) 
Stratus 
Nimbostratus 
Cumulus 
Cumulonimbus 


Several of these cloud types are shown in Figure 8.8. 


Cumulus 


Eee r35: UM. 


Figure 8.8. 


Stratocumulus 


Cumulonimbus 


Some Cloud Types. 
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Moisture which condenses into water droplets or ice 
crystals and falls from clouds is called precipitation, 
Some common forms of precipitation are rain, snow, sleet, 
and hail. The form depends largely upon the temperatures 
in the cloud and between the cloud and the ground. Liquid 
drops of precipitation are called rain. If water vapor in 
the cloud condenses directly into ice and falls to the 
ground without melting, the precipitation is called snow. 

If the cloud temperature is warm enough to produce 
water droplets, but the air between the cloud and the 
ground is below freezing, the droplets will freeze on the 
way down. This form of precipitation is called sleet. 

Hail is formed when strong vertical updrafts are present 
within a cloud. An ice particle from a higher level of the 
cloud falls, is caught in the updraft, coated with water 
and raised to a higher level where the added water freezes. 
The process is repeated till the updraft is no longer 
strong enough to lift the enlarged ice particle, which then 
falls as hail. Hail usually falls in the summer. Huge 
hailstones can be quite destructive. 

Precipitation may fall on land or sea. The heat of 
the sun causes moisture on the surface to evaporate into 
water vapor. Moisture in the air will condense again, fall 
as precipitation and join with the surface water. 

The change from water on the earth's surface to water 
vapor, from water vapor to water droplets, and from droplets 
to precipitation and evaporation again is called the water 


cycle. 
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THOUS (HORA Sas. /ANCAWILW/AILUB NE 


1. Keep a record of the cloud types you see. Prepare 
auchartusimi Var gtorriqure i@.104  Lnithe “cloud, cover” column 
place an estimate of the amount of the sky which is covered 
by the clouds. For example, if a little more than half the 
sky is covered, place .6 in the column, In the "cloud type 
or Name! icolumnewreite, thesmame (such as “altocumulus” ) 

Or deschipbion,of the: cloud) (such as MhLGih selina") s 
Estimates of direction of motion and height may be entered 
in the corresponding columns. The amount of precipitation 
from the cloud can be measured with the rain gauge described 


in thesnextr acbivilcy . 


2. A rain gauge can be constructed from any straight- 
sided glass jar. Two or three millimeters of salad oil 
should be poured into; the jar. This oil) will) float on 
top of accumulated rain and prevent its evaporation. See 
Figure S,9. )The rain gauge should be set out on!)a roof 
top or in a backyard where it will not be disturbed. The 
gauge should be checked every 24 hours. Accumulated water 


may be measured with a ruler. Hold the ruler outside the 


— straight-sided jar 


Figure 8.9. Rain Gauge. oil 


water 
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jar, as dipping it into ‘the’ gauge could affects ther water 
level. Compare measurements made with the gauge to those 


given in newspapers or on television weather reports. 


3. The depth of snow which falls on the ground can be 
measured directly with a ruler. Deep accumulations can be 
probed with a broom handle or similar stick which is then 
measured. All measurements should be made of snow which has 
fallen on level ground and has not drifted into unusually 
thick or thin deposits. The water content of snow can be 
measured by filling a straight-sided jar with snow. Do not 
pack the snow into the jar. The jar and sample should be 
brought into a warm room and allowed to melt without heating. 
Heating may cause evaporation or crack the jar. The depth 
of water formed by melting can be compared to the total 
height of the container. The fraction found in this way 
can be multiplied times the total snow depth to give the 


corresponding amount of rainfall. 
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TEACHER 
MATERIAL | 


MORE ABOUT CLOUDS 


The term "water cycle" is not introduced until the end of 
this reading section. However, an understanding of this 
recurring change--evaporation, condensation, precipitation, 
and back to evaporation--is one of the main aims of this 
passage. 

Several cloud types are illustrated in the text. Memo- 
rization of their names is not important. More significant 
to the student is the fact that observations of the clouds 
will serve as one more bit of data that will help in 
understanding and forecasting the weather. 

Clouds are classified in two ways: by cloud forms 
(cirrus, Stratus, and cumulus) and by altitude (high, medium, 
and low). 

The photographs can be compared with clouds in the 
sky sf0r dentiticarlon: 

Students are asked to keep a chart (this can be done 
as long as interest lasts) of cloud types they see and the 
weather changes associated with them. Even though weather 
prediction involves much more than cloud observation, the 
student adds another dimension to his forecasting with this 
aeeivehe ye 

A further activity would involve identifying clouds 
in photographs (both in this book and in others) by compari- 
son with the photographs given here. 

In the course of discussions concerning precipitation 
students may ask about dew or frost. Dew and frost are 


not true forms of precipitation since they do not fall 
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from the clouds but form directly on surface objects. 
Water vapor near the ground can condense into either form. 
If the temperature is above freezing, dew forms. Frost 


appears when the temperature is below the freezing level. 
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INVESTIGATION 8.9: Analyzing Records 


By observing and measuring conditions in the atmosphere 

you have made a collection of records. The next step in 
learning about weather consists of looking for relationships 
between the different conditions which you have recorded. 

As an example, you may notice that particularly cold weather 
usually "goes along with" wind from a certain direction. 
This is the sort of relationship you should look for. 
"Analyzing" records refers to the process of discovering 


and stating relationships which are shown by the records. 
Materials 


Graphs of weather conditions 
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Procedures 


A. Compare graphs A and B of Figure 8.11. Notice 
that there are two "dips" in Graph A. 


Interpretations 


1. What, if anything, can you say about the amount of 


B at times when the amount of A is low? 


2. What, if anything, can you say about the amount of 


B at times when the amount of A is unusually high? 
Procedures (continued) 
By Compare ~Graph~C~ tep,Graphs, Agand ob; 
Interpretations 
3. What distinctive behavior, if any, is shown in 
the amount of C at times when amounts of A or B are 


unusually high or low? 


4. Is there any distinctive behavior in the amount of 


C preceding or following changes in A or B? 
Procedures (continued) 
C. Compare your graphs of precipitation amounts and 
cloud cover. Be sure that the dates represented 
on the two are lined up vertically. 


Interpretations 


5. What relationship, if any, appears to exist between 


cloud cover and precipitation? 
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Procedures (continued) 
D, Compare other graphs of weather data. For example, 
compare your temperature graph first to cloud 
cover and then to precipitation. 


Interpretations 


6. What relationships, if any, appear to exist? 


ADDITIONAL ACTIVITIES 


1. Continue to observe and record selected aspects 
of the weather. Decide whether relationships you have 
noticed in this investigation continue. 


2. Attempt to predict weather using relationships 
you may have discovered in this investigation, 


3. Prepare a set of graphs, in the same form as those 
of Figure 8.11, in which some relationship is hidden. Test 
other members of your class to see whether they can identify 
the relationship. | 
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TEACHER 
MATERIAL 
INVESTIGATION 8.9: Analyzing Records 
The timing of this investigation is flexible. ‘It is best 


scheduled after students have collected data which reflects 
one or two changes in weather, from warm to cold, from 
rainy to dry, etc. The investigation should not be post- 
poned so long that students lose interest in maintaining 
records, It may be desirable to go through the investigation 
as soon as there is sufficient data to make one or more 
Simple correlations. Making the analysis may assist in 
motivating students toward careful record keeping and 
encourage them to look for further relationships. It 

may also suggest additional data which should be recorded 
or changes in observational procedures. A few minutes of 
class time could then be devoted to repeating parts of 

the investigation whenever significant changes in weather 


are noted during the remainder of the school year. 


Materials 


A collection of newspaper weather reports and maps 
for the past week may be useful in substantiating the 
observations made by the class. Differences between 
"official" weather data and class data are to be expected. 
This should not be a point of discouragement for students 
since differences in location between the weather station 


and your school should result in differences. 


Procedures 


A. The two "dips" referred to are those occurring 


between days 7-10 and days 24-25. Procedures 
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related to Figure 8. are intended as examples 
of the types of relationships students should 
look for in their own records. 

Interpretations 

1. High "Amounts of B" correspond to low "Amounts of A." 

2. There is no apparent relationship. Students might 
expect that the converse of Interpretation 1 should hold. 
Although there is a low in B corresponding to the initial 
high in A, there is no such low in B associated with the 
high reached by A on days 19-20. 

Procedures (continued) 

Boe NOmcomme;nnter 

Interpretations 

3. There is no obvious relationship. 

4, Rises in "Amount of C" precede the highs of B and 
the corresponding lows in A. A sharp decrease in C occurs 
a few days before the increase in A on days 19-20. 

Procedures (continued) 

CA eNOmGommeinies 

Interpretations 

5. If precipitation has occurred during the period of 


observation, it should be noted that bars on the "Precipita- 


tion" graphs occur only during periods when "Cloud Cover" 
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graphs show readings in the higher part of the scale. This 
Simple observation should be consistent with the students' 
experience. However, it may be noted that even a relatively 
high fraction of cloud cover does not necessarily result 

in precipitation. Try to have students notice that their 
graphs are, in a manner of speaking, making "statements" 
about the weather. The manner in which these "statements" 
are made, (markedly high reading, unusually low readings, 


abrupt changes in slope, etc.) should be looked for in 
other graphs. 


Procedures (continued) 
D. No comment. 


Interpretations 


6. Student responses will vary. Although it is 
difficult to make generalizations about weather, some 
typical correlations might be: 

Barometric pressure drops before and during 
periods of cloudy weather and rises with the 
approach of clear weather. 

Wind shifts (often to the south) occur before 
the arrival of precipitation. 

In winter, air temperatures drop during periods 
of clear weather. 

Precipitation is associated with lower cloud 
types and not with cirrus. 


ADDITIONAL ACTIVITIES 


i= See NO Comnente. 
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Data collection and analysis of records are two 
essential steps in the progress of science. Each calls 
for a different type of skill. You may find that some 
students enjoy taking measurements and preparing graphs. 
Others may be better at detecting subtle relationships 
between graphs but have difficulty in handling equipment. 
The point is, cooperation is essential among professional 
Scientists. You may wish to mention this to your class. 

A talent for seeing relationships is close to the 
heart of science, but so is a cautious approach toward 
making generalizations which are based on only a few 
observations. The ability to make the broadest possible 
generalization which is justified by the available evidence 


is gained only through practice. 
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Section Nine: 


Observing the Landscape 


PREVIEW 


Section Nine provides students with an introduction to 
geology. Ihe first two investigations show how landforms 


may be interpreted to give evidence for change. The forms 





Studied terraces, along shorelines, indicate that in some 
places the land has been rising. 

A second example of a way in which the land may be 
built up is cited in a short reading selection on volcanoes. 


POrOWvencG pero ete xtel relating oO volcanoes, Lirée investigacions-- 





ded iow en sCeystals minerals, and volcanic rocks-—ilead 
toward an understanding of the relationship between rock 
textures and the conditions under which igneous rocks have 
formed. 

BHOtnerD process by which the earth's surface may be 


budll Wp, sediméncation, is approached through a student 





Seriviltyednd a2nterpretation o£ photographs. This is tollowed 


by a laboratory investigation of sedimentary rocks. 


Other characteristics of rivers are then introduced. 
Rivers are seen to form a bridge between processes which 
build up the land and those which tend to level it. 

Reeecond. carth-= leveling process, soil creep, is intro- 
duced through an investigation in which students attempt to 


recognize and define a problem. 
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Deformation and its effects on topography are discussed 


briefly, and then the rock types attendant upon deformation-- 
plutonic and metamorphic--are introduced in laboratory investi- 
Gacionsi. 

The 


section closes with a considération of the effects 
of ice as a geologic agent. 
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Section Nine: 


Observing the Landscape 


Waves rush on a sandy beach. Misty rain falls on a grassy 
slope. A rock clatters down a mountain side. The shape 
of the land has been changed. 

Every wind that blows, each snowflake settling on a 
wintry field does its part. Commonplace events, ordinary 
stones, tell of distant mountains and bygone glaciers. How 
can the clues be read? What can the landscape suggest 
about happenings of the past and of changes that are going 
on now? What is in the future? 


These are the questions you will now consider. 
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TEACHER 
MATERIAL 


DOES THE EARTH'S SURFACE CHANGE? 


It is likely that students will already know that the 
landscape changes under the influence of time. Such words 


as "erosion," "weathering," and "volcano," with their 
implications of change, enter the vocabulary early. As 
in previous sections of the course, however, students 
should be asked to set aside temporarily what they may 
know about the landscape and its development in order to 
re-establish their knowledge on the basis of evidence 


presented, 


FIELD TRIPS 


It is intended that students become aware of the types of 
observations which are useful to geologists. Students 
should be encouraged to make their own observations and 
speculate on the implications of the land forms around them. 
The value of field trips in encouraging such observation 
and interpretation cannot be overemphasized. Each geographic 
area has its own features and its own stories to tell. 
Through field trips students come to see that "geology" is 
not something which occurs in far-off corners of the world, 
but something which surrounds each one of us wherever he 
may be. In this connection, the most valuable field trips 
are those in which the least travel is involved, Besides 
being more difficult to arrange, trips to distant locales 
tend to reinforce the notion that geology is found only in 
books, movies or far distant places. 

Teachers whose schools are located in cities will 
necessarily build field trips around different aspects of 


geology than those in rural settings. Questions such as 
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the following might be considered: What (geological) 
factors caused a city to be built here? Is the land level? 
Why is it level? Is there a river nearby? Has the course 
of the river been changed by man? Or: Why was this city 
able to develop where there is no river? What are the 
buildings made of? Where do the brick, stone and cement 
come from? What can be seen in excavations for tunnels 

and foundations? 

Teachers whose schools are in less developed areas 
will be able to direct students’ attention to features 
which have been less altered by man: What is the drainage 
pattern here? Why do the hills or plains around us exist? 
What can we look for to see whether the landscape has 
changed, is changing, or will change? 

If an organized class field trip is impossible, 
students can be asked to make observations of geologic 
interest around their homes and en route to school and 
report to the class 

The timing of a geology field trip is a matter of 
individual preference. Some teachers will wish to schedule 
a field trip early in the section in order to stimulate 
interest and raise questions. Others will wish to hold 
the trips after the students have been made aware of the 
sorts of geologic evidence to look for. In either case, 

a field trip should be preceded by a briefing session and 
followed by class time in which observations can be discussed, 

If for some reason field trips are completely impracti- 
cal, thought should be given to preparing a slide show of 
the terrain in the vicinity of the school. A class discussion 
may then be built around the slide show. 

Colleges and universities, as well as many public 
libraries, usually maintain geology libraries which will 
contain specific information on the local geologic setting. 
Such libraries are invaluable to the teacher who wishes to 
lead field trips but does not have a strong background in 


geology. 
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INVESTIGATION 9.1: Water Level Changes 


The first of the possible changes in landscape you will 
consider is that of sea level. In order to decide whether 
sea level has changed you should look at the landscape for 
evidence of change. But what sort of evidence would be 
left of such a change? In this investigation you will 
observe the effects of water level’ changes on’ a minvature 


shore line. 
Materials (per team) 


Ice cube tray 
Sand 
Water 


Sponge 
Procedures 


A, At one end of the ice cube tray form a smooth, 
sloping pile of sand. The sand should slope 
down from the top of the tray at about lcm in 
23 xThatris, sbitthersandwis Ypitedtsicmrhightat 
its higher end, the lower end of the slope 
should be about 6cm out from the end of the tray. 


B. Use a pencil to mark the profile (the outline) of 
the sand on the side of the tray. Be careful not 
to disturb the sand while doing this. 


C. Hold a moistened sponge across the tray as shown 
in Figure 9.1. The sponge will prevent water 
currents from disturbing the sand while you fill 
the tray. Pour water slowly into the tray until 


the surface of the water is about lcm from the 
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EOngO a emt aye ONCe Water mas Ocen added Lo 

the tray, do not remove the sponge until instructed 
to do so, Otherwise the level of the water might 
be changed. Make a short, horizontal pencil mark 
to indicate water level on the side of the tray. 


This line should intersect the profile line. 


Figure 9.1. Filling Tray. 





D. Keep the lower end of the sponge in contact with 
the bottom of the tray. Do not allow it to slide 
across the bottom of the tray. Move the top of 
the sponge back and forth to produce small waves. 
The waves should be about .5cm high and should be 
made at a rate of about 2 per second. Continue 
to make waves for several minutes, watching all 


the time for changes in the profile of the sand. 


Interpretations 


1. Describe the change in profile of the sand. 


2. At what level did most of the change occur? 
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3. Why do you think there was little change below 


this level? 


4. Could the waves indirectly cause changes above 


the highest level they reached? Explain. 

Procedures (continued) 

E. Remove the sponge from the tray and squeeze it 
dry. Carefully dip and squeeze the sponge until 
the water, with the sponge in it, is about lcm 
lower than originally. Use a pencil to mark the 
new sand profile and water level on the side of 
the tray. 

Interpretations 

5. Make a sketch in your notebook to show what you 

think the profile will look like after a new series of 
waves has been made. 

Procedures (continued) 

EF. skepeaey Procedures D: 


Interpretations 


6. Was your prediction (Interpretation 5) correct? 
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TEACHER 
MATERIAL 


INVESTIGATION 9.1: Water Level Changes 


Materials 


Baking pans or other rectangular containers may be 
used in place of the ice cube trays. 

Sponges are specified as wave generators because 
they absorb reflected waves and minimize random water 
motion, 

A bucket or other large container, partly full of 
water, Should be available to allow for disposal and 
recovery of used sand. If fine beach sand is not available 
otherwise, it can be purchased at building supply or 
aquarium supply houses. Individual grains of approximately 
.5mm work well. Where sand is not available, cornmeal has 


proved satisfactory. 
Procedures 
A.-D. No comment. 
Interpretations 
1. Responses will vary. A typical result of Procedures 
A-D is shown in Figure T-9.1. Encourage students to use 


sketches in describing profiles. 


penciled profile jess steep 


Figure T-9.1. Typical Result. 


Ist water level 





profile obscured by sand 


steeper than original profile 
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2. Most change occurs at or near water level. 


3. The waves occur at or near the surface of the 


water and have progressively less effect at depth. 


4, Yes, waves can have indirect effects above the 
highest level they reach. They may undercut the sand, 


resulting in the collapse of a cliff. 


Procedures (continued) 


E. No comment. 


Interpretations 


5. Student responses will vary. 


Procedures (continued) 


Fo Students should be’ iamstructed to sinse thers 
trays by dipping them into the large container. 
Sand should not be washed down the sinks. 


Interpretations 


6. Student responses will vary. A typical result of 
Procedures A-E is shown in Figure T-9.2. The originally 
smooth slope is now broken by two "cliffs" and two 
"terraces." This terminology is introduced to the students 
in the next investigation. 


oriqinal penciled profile 
Ist water level 






Figure T-9.2. Second Terrace Formed. 


2nd water level 
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INVESTIGATION 9.2: Ancient Shore Lines 


You now know the effect of waves on a miniature shore 
line. Do the waves in oceans and large lakes have similar 


effects upon their shore lines? 
Materials 
None 
Procedures 


A. Examine Figure 9.2. The level land in the central 
part of the photograph is known as a "terrace." 
The steep ground between the terrace and the ocean 
is referred to as a "cliff." Look for similarities 
between the landscape in this photograph and the 


profile produced in Investigation 9.1. 





Figure 9.2. Coastline. 
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Interpretations 


1. What do you think was the location of sea level 
at the time the large terrace in the central part of the 


photograph was formed? 


2. Why do you think your answer to Interpretation 1 


is correct? 


3. Where were the waves striking the shore at the 


time this terrace was being formed? 


4, Do you see evidence of a new terrace being formed? 


If so, where is it being formed? 


5. In what way does the cliff give evidence that 
waves are having an indirect effect on the landscape at a 


level higher than they can reach directly? 


6. What change in sea level has apparently occurred 
between the time of formation of the central terrace and 


the present? 


7. What evidence do you see of other terraces at 


higher elevations than the central terrace? 


8. Why do you think the highest terraces and cliffs 


are less distinct than the central ones? 


If you think. about it, it should @besplain that vagrise 
in sea level (while the land stays at the same height) 
would have the same effect on a shore line as a drop in the 
level of the land (while the sea stayed at the same level). 
Are there still other changes which would cause an apparent 


rise in sea level? 


eon 


Procedures (continued) 


Be. CopynPigqureno @rantyourl notebook? 


Figure 9.3. : ; 
Changes Causing an Apparent Rise in Sea Level 


Actual Height of Sea Actual Height of Land 





cL rises stays same 


4 rises rapidly rises slowly 


NO 


Interpretations 


9. Two of the possible five changes which would 
cause an apparent rise in sea level have been listed. Fill 
in the table to indicate what you think the other three 
would be. 


Procedures (continued) 
€. Copy Figure 9.4 in your notebook. 


Figure 9.4. ; 
Changes Causing an Apparent Drop in Sea Level 


Actual Height of Sea Actual Height of Land 


drops rises 


5 rises slowly rises rapidly 


iS) 
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Interpretations 


10. Two of the possible five changes which would 
cause an apparent drop in sea level have been listed. 
Fill in the table to indicate what you think the other 


three would be. 


11. Do you think that changes in sea level in the 
area of the photograph (Figure 9.2) have occurred steadily 
or aS a series of abrupt changes followed by periods of 


no change? 
Procedures (continued) 
D. Design and carry out an experiment to test your 
ideas using laboratory equipment. Record your 


procedures and results in your notebook. 


E. Examine Figure 9.5, a photograph taken in Utah. 





Figure 9.5. Possible Shoreline. 
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Interpretations 


12, Near the center and left of the photograph is an 
almost straight feature. In what way, if any, does the 


feature suggest a former shore line? 


13. What makes it seem unlikely that this would be 


a former shore line? 


14, What can you think of, besides wave action, that 


might have caused this feature? 


15. Suppose you were able to investigate the area of 
Figure 9.5 on foot. What sorts of evidence, if found, 
would support the idea that this might once have been a 


shore line? 
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TEACHER 
MATERIAL 


INVESTIGATION 9.2: Ancient Shore Lines 


Materials 


Though no materials are required, it is desirable to 
supplement the photographs appearing in this book with 


others. 


Procedures 


A, No comment. 


Interpretations 


1. At the time the large terrace was formed, sea 
level was probably at (or a few feet above) the level of 


the terrace. 


2. In the preceding investigation it was found that 
a flat "terrace" was formed slightly below the level of 
the water. The same process may have occurred in the area 


of the photograph. 


3. The waves would have been striking near the base 
of the cliff above the terrace. 


ae Yes. LATS EerraCcere tends mOULME ONC Ce CEO GESOne 


distance from the present beach. The breaking waves in 
this zone imply that the water beneath them is shallow. 
5. Although it is not possible to tell from the 


photograph just how high the highest waves reach, it 
seems unlikely that they would reach all the way up the 
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cliff. Thus the cliff is probably a result of undercutting 
by the waves followed by collapse. 


6. Sea level has apparently dropped. 


7. The remains of older terraces may be seen above 
and behind the central terrace. Though not as distinct 
as the main terrace, they show the characteristic level 


areas separated by steeper zones. 


8. The higher terraces have been more eroded than 


the central terrace. This is evidence that they are older. 


Procedures (continued) 


B. The next part of the investigation is concerned 
with apparent changes in sea level. Since most 
heights are measured relative to sea level, it 
may be confusing to students to think about 
changes in the reference point. By "actual height" 


is meant the distance from the center of the earth. 


Interpretations 


9. See Figure T-9,3. 


Figure T-9.3. ‘ , : 
Changes Causing an Apparent Rise in Sea Level 
Actual Height of Sea Actual Height of Land 
ee See ea eee 
i rises stays same 


2 rises drops 
drops slowly drops rapidly 


4 rises rapidly rises slowly 


WwW 


5 stays the same drops 
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Procedures (continued) 


C. No comment. 


Interpretations 


10. See Figure T-9.4. 


Fi e T-9.4. F 
oy ae Changes Causing an Apparent Drop in Sea Level 


Actual Height of Sea Actual Height of Land 


al drops stays the same 
drops rises 

S) drops rapidly drops slowly 

4 stays the same rises 


5 rises slowly rises rapidly 


NO 


ll. The changes in sea level relative to the land 
have occurred as a series of abrupt changes. Each change 
was followed by a long, stable period, during which there 


was sufficient time for a terrace to develop. 


Procedures (continued) 


D. One way in which the test could be conducted 
would involve the apparatus of Investigation 9.1. 
As one student produced the waves, as in Procedure 
D of that investigation, a second student could 
be slowly but steadily removing water from the 
tray. Under such conditions no distinct terraces 


would form, 


2398 


Reference to the results of Investigation 9.1 
will show that distinct terraces are formed when 
periods of stability intervene between periods of 


rapid change. 


EB. No comment. 


Interpretations 


12. The very straightness of the feature resembles 
that of shore lines in Investigation 9.1 and in Figure 9.2 
of this investigation. The steep part of the feature 
resembles a cliff. Level areas above and below the cliff 


resemble terraces. 


13. There seems to be no nearby ocean to have formed 


the cliff and terraces. 


14. Student answers will vary. Encourage students 
to suggest as many alternatives as possible. The feature 
might be man-made. It might be composed of a hard rock 


which has resisted erosion. 


15. Deposits of beach sand or of fossils such as 
clams would support the idea that this is a shore line 
feature. The bottoms of large basins in this area frequently 
contain deposits of salts left by evaporating water. 
Alternatively, close inspection might show evidence supporting 
one of the other possibilities: a harder rock than in 
surrounding areas, evidence of human activity, rocks crushed 


and polished by fault activity, etc. 


At this point no definite statement should be made 
concerning the origin of the feature in Figure 9.5. It 


will be considered again later. 
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VOLCANOES 


At two minutes before eight on the morning of May 8, 1902, 
Leon Compére-Leandre Sat on the doorstep of his home. It 
was a lovely morning in Saint-Pierre, Martinique, an 
island in the Caribbean. A change in the wind had made the 
air more clear than it had been for a number of days. At 
this time Leon Compére-Leandre had little in common with 
Auguste Ciparis. Leon was a shoemaker, Auguste a stevedore. 
Leon was a free man, Auguste a convict in the city prison. 
In all likelihood the men had never met. They were simply 
two of the people in a city of 30,000. Within minutes 
they shared a terrible bond, for they were the only two 
people still alive in Saint-Pierre. 

The poor visibility of past days had been the result 
of dust and ash rising from nearby Mt. Pelée and raining 
down on its surroundings. Mt. Pelée, a volcano, had shown 
increasing signs of activity for the past year, mainly in 
the form of eruptions of ash. On the second of May there 
had been a spectacular display of lightning in the ash 
cloud over the volcano. Then between 7:59 and 8:02 on 
May 8 there were four great explosions. The side of 
Mt. Pelee burst open and a cloud of glowing gases swept 
down on Saint-Pierre at over 100 miles per hour. 

In June of 1912 an eruption in the neighborhood of 
Mt. Katmai, Alaska, could be heard at a distance of 900 
miles. For many miles around volcanic ash was so thick in 
the air that people could not tell night from day. An 
officer on the U.S. Coast Guard Cutter Manning) reported 
that the light of a lantern could not be seen at arm's 
length. Dust remaining in the upper atmosphere after this 
eruption reduced the earth's incoming solar energy by an 
estimated 10% and lowered average temperatures throughout 


the Northern Hemisphere by 1°G: for! thesbetter part of two ‘years. 
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Figure/976.- -Surtsey. 





During November of 1963 a series of volcanic eruptions 
resulted in the appearance of Surtsey, a new island, off 
the coast of Iceland. See Figure 9.6. 

Without doubt, volcanoes are some of the most awesome 
things in nature. Behind our appreciation of the serene 
beauty of Fujiyama (Figure 9.7) in Japan or Popocateptl in 
Mexico lies a fear that one of these volcanoes may without 


warning devastate the land about it. 





Figure 9.7. Mount Fuji. 
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In contrast to the violence with which mountains such 
as Pelee have burst out is the relative calm with which the 
Hawaiian volcanoes erupt. Tourists and scientists alike 
can observe their activity from relatively short distances, 
secure in the knowledge that the activity will consist of 
flows of molten rock rather than violent explosions. Why 
the difference? The dark lavas of volcanoes which rise 
from the deep ocean floor seem to be much more fluid than 
the lavas of volcanoes which occur on land or on islands 
which are close to continents, like Martinique. See 
Figure 9.8. The stickier continental lavas tend to block 
volcanic openings resulting in build-ups of enormous 


pressure. 


Figure 9.8. Kilauea. 





Since lava comes from deep within the earth, this 
difference between types of lavas may reflect fundamental 


differences in the types of rock composing continents and 
underlying the oceans. 
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Problems 


1. Compare early accounts of the 1912 eruption of 
Katmai with recent interpretations of the eruption. What 


caused the change in scientific thought? Are such changes 
unusual? 


2. How might volcanic activity have caused the ice 
age mentioned in Section Seven? What geologic evidence 


could you look for to show whether this actually happened? 
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TEACHER 
MATERIAL 
VOLCANOES 
Problems 
1. Information on Katmai has not been well publicized 


and may be difficult to obtain. Following the events 
mentioned in the text, it was noticed that a new crater 

3 1/2 miles x 2 1/2 miles x 1/2 mile deep had formed on 
Katmai. It was assumed that the material missing from 
this depression had been blasted into the air to form the 
ash mentioned. More recent observations, particularly by 
Dr. Garniss Curtis, show that the actual eruption was from 
Novarupta, some five miles away. The crater mentioned 
formed as a result of collapse when lava, presumably under 
the crater, moved by underground conduits toward the 


eruption site. 


2. Widespread volcanic activity at some past time 
may have placed enough dust in the air to lower temperatures 
enough to cause the onset of an ice age. If ice samples 
could be obtained from deep within ice-caps they might show 
volcanic dust which had fallen from the atmosphere. Students 


may think of other mechanisms and of other tests. 


Students who wish to read about other volcanoes may 
be directed to look for references to Krakatoa. Even those 
students with limited supplies of reference materials should 
be able to find information concerning this volcano. The 
eruption of the mountain produced the loudest sound known, 
heard 3,000 miles away. A great tsunami, or sea wave, 


135 feet high resulted from the eruption and caused the 
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deaths of 36,000 people. Material was ejected to heights 
of 50 miles, and atmospheric dust from the event produced 


colorful sunsets around the world for years thereafter. 
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INVESTIGATION 9.3: A Common Form of Matter 


Many of the things you see and handle in your daily life 
are composed of crystals. Such substances are not always 
easy to recognize. In this investigation you will deal 
with minerals, naturally occurring crystalline substances, 
and consider a model for their properties. 


Materials 


Mica, quartz, feldspar, calcite 
Ice cube tray 

Detergent 

Soda straws 

Water 

Transparent tape 


S tame itt: fou. 
Procedures 
A. Examine and compare the four mineral specimens. 
Interpretations 


1. What statement can you make about flat surfaces on 
the specimens? 


2. What statement can you make about straight edges 
on the specimens? 


3. Which minerals, if any, show distinct angles 
between their flat surfaces? 


4, Which minerals, if any, have a tendency to reflect 
light especially well? 
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5. Predict the way in which you think each specimen 
might tend to break. 


Procedures (continued) 


B. Use your fingernail to split the mica. 


Interpretations 


6. Is there one direction in which mica will split 


particularly well? 

7. Are sheets of mica flexible or brittle? 

Procedures (continued) 

C. Under the supervision of your teacher tap each of 
the specimens with a hammer. Observe anything 
unusual about the way in which the specimens 
break, 

Interpretations 

8. Describe the way in which calcite breaks. 

9. Describe the way in which quartz breaks. 

10. Describe the way in which feldspar breaks. 


11. Describe the way in which mica breaks. 


12. What structure can you think of which would explain 


the way in which the minerals break? 
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Procedures (continued) 


DE 


Fill the tray with water to within lcm of the top. 
Add a few drops of detergent to the water. 


Place tape over one end of a straw as shown in 
Figure 9.6. Use the pin to make a hole in the 
tape just large enough to let air escape when you 


blow gently intovthe other end of the straw. 





Figure 9.9. hole tape 


Gently stir the water with the taped end of the 
straw in order to mix the detergent. Any bubbles 
which form should be pushed to the side of the 
tray. Hold the taped end of the straw a short 
distance beneath the surface of the water. Blow 
gently and steadily into the straw. “Practice 
doing this until you can produce, "rats" ‘comeosed 
of small (about 2mm) bubbles. Move the taped 
end.of the straw while’ DlowinGgrso that saciemes 


is only one layer of bubbles thick. 


Interpretations 


UE), 


Describe any order or pattern you see within the 


rafts of bubbles. 
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Procedures (continued) 
G. Use the straw to separate a raft into two parts. 
Make a sketch of one of the broken rafts in your 
notebook. 


Interpretations 


14, Do the bubble rafts tend to break along straight 


lines? 


15. Describe a model for the structure of crystals 


based on your observations of bubbles. 
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TEACHER 
MATERIAL 


INVESTIGATION 9.3: A Common Form of Matter 


Metals are generally crystalline, though the crystal 
structure is not apparent. Galvanized iron objects, old 
brass doorknobs and fractures in iron sometimes show 


crystals. Glasses and plastics are not crystalline. 
Materials 


Liquid dishwashing detergent is convenient and effective. 

Blow tubes may also be made by heating glass tubing 
over a bunsen burner and then pulling the ends apart. The 
tubing is then snapped at its thinnest point, producing 
two tubes. Be sure to fire-polish the ends of the tubes 
that students will blow into. These tubes should produce 
finer, more consistent bubbles than do straws. 

A hammer and a hard, flat surface (such as a piece of 
iron) should be available in the classroom. 

A knife or single-edge razor blade may be useful in 


demonstrating the properties of mica. 
Procedures 
A. No comment. 
Interpretations 
1. Quartz tends to occur in six-sided crystals with 


pointed, pyramidal ends. Mica occurs in "books" which 


are bounded by a pair of flat, parallel faces. Feldspar 
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crystals are blocky in shape. Two pairs of faces are 
parallel; the third pair is less regular. Calcite crystals 
are more regular than those of feldspar, being bounded by 


three pairs of parallel faces. 


2. Some crystals of mica may show six edges; others 
will not. Quartz will have straight edges between crystal 
faces but irregular lines along fractures. Feldspar and 
calcite specimens have straight edges between the flat 


faces mentioned in Interpretation l. 


3. In some specimens, at least, quartz, feldspar and 


calcite exhibit distinct angles. 


4, Mica has highly reflective surfaces. Calcite and 
quartz are generally somewhat less lustrous. Feldspar 
is quite lustrous on its flat surfaces, less so on end 


surfaces. 
5. Student responses will vary. 
Procedures (continued) 
B. Students should be encouraged to split mica 
repeatedly to obtain the thinnest sheets possible. 
You may wish to demonstrate, using a razor blade, 
that mica can be split into extremely thin sheets. 
Interpretations 
6. Mica will split quite nicely at any point along 
the direction of the plane of its parallel faces. It is 


said to have "one direction of cleavage." 


7. Thin sheets of mica are quite flexible. 
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Procedures (continued) 


Cc. It is best to cup one hand around the sample in 


order to safeguard against flying fragments. 


Interpretations 


8. . Calcite! splits) along..threeyseteor par aldielenplanecas 
each of which is roughly at right angles to the other two 
directions, It may be described as having three directions 


of cleavage. 


9. Use caution in hitting quartz. The mineral is 
both hard and tough, and considerable force may be needed 
to break a crystal. Although quartz is described as having 
one poor direction of cleavage (perpendicular to the six 
sides of its prism), this cleavage is not distinct. Each 
quartz crystal has a maximum of one set of regular faces. 
If these faces are absent or are destroyed other regular 
surfaces will not be formed. Be sure to point out to the 
students the distinction between "crystal faces" which 
mark the limits to which a crystal has grown and "cleavage 
surfaces" which are exposed as a result of breaking a 


CGEYStal. 


10. Feldspar cleaves regularly along two directions 


and breaks in irregular fashion in the third direction. 


ll. Mica can be crushed by a hammer blow. Its cleavage 


is best demonstrated by splitting, as outlined in Procedure B. 


12. Student responses will vary. 
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Procedures (continued) 
D.-F. No comment. 
Interpretations 


13. Students should note that bubbles tend to align 
themselves into regular arrays with more or less straight 
edges. "Surface tension," the attraction between water 
molecules, pulls bubbles into clusters and holds them 
there. This effect is analagous to the electrical forces 


which align the ions in crystal lattices. 
Procedures (continued) 


G. See Figure T-9.5. 





Figure T-9.5. Bubble Raft. 
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Interpretations 


14. The rafts do tend to break along straight lines. 
This is analagous to the parting of crystals along cleavage 


planes. 


15. The properties of crystals provide an excellent 
line of reasoning leading to an atomic model for matter. 
The smooth crystal faces and cleavage planes of crystals 
suggest that the particles of which they may be composed 
are extremely small. The idea of non-symmetrical forces 
binding together the units within crystals is consistent 
with preferred directions of cleavage in crystals. 
However, the point of the investigation is more to acquaint 
students with cleavage than to develop a model for the 
structure of matter, 

The property of minerals which is most obvious 
ata first inspection ds color. —Color ican bewmielecauing- 
The color of quartz may range from clear to milky and from 
rose, through amethyst to smoky. Regardless of color 
variations, quartz follows its hexagonal crystal habit 
with poor cleavage. This is a consistent distinguishing 
characteristic. Students who learn to recognize cleavage 


will have acquired a valuable tool for mineral identification. 
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INVESTLGALEON S94 ee Tiics lesceuisccm Ons ONenGis 


By examining solids it is often possible to obtain clues 


about the conditions under which they were formed. In this 


investigation you will consider the effect of allowing a 


melted substance to cool at different rates. 


Materials (per team) 


Microscope slide (2) 
Magnifying lens 

Salol 

Hot plate om aleonolaburmes 


Ice cube 


CAUTION: Although, the salolgis not especially spoltcougue. 


all chemical substances should be treated with caution. Wash 


your hands after completing this investigation-~ 


Procedures 


A. 


Put a small amount of salol near one end of each of 
the cCwo microscope slides.) (Enough top. Crmipen- por 


5 5G EO Lem ain ChlLeaimeicSic 1S SwireLeweaes 


Warm one slide gently until the salol is almost 
completely melted. When only a few bits of unmelted 
salol- are still present, place chess de onsite 
table to cool slowly. Examine the salol arrecwi= 


has hardened. 


Heat the second slide as in Procedure B. When the 
salol is salmost completely melted. cool tiew. Gide 
quickly by rubbing it on an ice cube. Compare the 


quickly and slowly cooled specimens. 
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Interpretations 


1. Describe similarities and differences in appearance 


of the two specimens. 


weet eGry sea leet sock .were Formed by quick cooling, 


would you expect them to be large or small? 


oe BUNnderRwhateconditions would you expect melted rock 


Eo, CoO more rapidly, in the air or deep underground: 


PROBLEMS 





ie Biepteriaticrystal™ has not been derined ian the 
text. What is there about the appearance of crystals that 


allows you to recognize them for what they are? 


PORSPURTHER ACTIVELY 


1. Remelt one of the specimens of salol. Continue to 
warm it until all solid material has completely melted. 
Observe the specimen as it cools slowly on the table. If 
Gihewsalol has Nol nardened etter a minute Or so, drop a small 
biceoL solid salol into the melted material. How do you 


QeeGOunt fon your observations ¢ 
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2. Prepare a solution by dissolving magnesium sulfate 
("epsom salt") in water. Epsom salt may be obtained at most 
drug stores. Allow samples of the solution to evaporate at 
different rates by placing containers in warmer and cooler 


places. Describe any differences in crystals which form. 


250a 


AEM Cel ei 
MATERIAL 


TNWESIEIEMETON Gea4s Wae Hexccuires on Souls 


Nem bUrtpOse OF thie dovyesticgation us to show students that 
SWewecrystale .oOrm when ta mele cools rapidly end larger 
erystals tom wien a similar melt cools more slowly. By 


analogy sie Can be concluded that small crystals, in igneous 





BOCca weet eco raprd formation during quick, cooling near the 








surface of the earth. Larger crystals represent slower 





cooling whiicha has occurred at greater depths. 
Meee eles 
Salol (phenyl salicylate) can be obtained from most 


chemical supply houses . 


Weecmeplitcs of a spetula should be available co students 





POL Meadsubing ole Ene salol. 





Slides on which the satol has hardened can be kept for 


re-use by other classes. 


Procedures 


A. No comment. 





De DUnSeche burners OLeOotLher Nigh-heat Sources MUSE 
be used, cell students to move the slide in and our 
Sree neve lemen cOuavold Cracking the Glass Or over= 


Nearing tne, calol.) sKitchenmmarchées or candles are 








SleoucUPeicienc lywio leOmelLc sche ssalol. 


C. No comment. 
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Interpretations 


l. Crystals formed on the two -siides will betsimiles 


in color, luster, transparency and torm, Dbutechose formen 





Slowly will be larger than the crystals! on “the: quickiy cooled 


slide. 





2. Crystals formed when rocks cool, quickly aremomea 
if the rock ‘cools Very rapidly, there may besno, cimemfou 


orderly growen, and the rock will have a Glassy texture. 


3. Rocks which cool near the surface can lose heat to 
the air rapidly. Those which cool at depth cannot toseuneat 
as rapidly. Therefore they cool islowly and wilt likely cor- 
tain large crystals. Another factor, not mentionedwin the 
student text, which favors growth of darge Crystalsein 16neous 


rocks is a high water content in the molten material. 


PROBLEMS 


i. (By Gefiniciom, erystals are cubscancesewii Cilmaie 





composed of orderly arrangements of atoms. A crystal of 


quart2), “OG sexample, Consists Omeclee 2rd yaO tenor CommaitG 





oxygen atoms. Although there is a definite ratio of sificon 
to oxygen (1:2) there is no definite number of Si0, UdLeES 
within a single crystal. Thus single crystals may range in 
Size from microscopically small to several mecers in length. 
Not all crystalline substances can be recognized by inspection. 
A substance is "likelye co beverycead line sis. 

straight edges and flat faces are present; 

the surface is highly reflective; 

distinct angles are found between flat sides; 


fractures in the materialvoccur along ilageeumoace.. 


D5 Vie 


ROR FURTHER ACTIVITY 


1. Even if the melt cools to below its "freezing" 
temperature it will not crystallize if no nuclei are present. 
Tete rOmweiis Season tnate students are told, in Procedure 3B, 
POuneat the salol only Until "a rew bits of unmelted salol 
are still present." The unmelted bits serve as nuclei for 
Crystal orowun 17 the cooling melts 

In this procedure the salol is heated until unmelted 
Potential nuclei: are all gone. The cooling material will 
Peoveblysnol crystallize Until a tew nuclei, an the form of 
Stee On Solu salol, are aeaqded. Rapid’) qrowtn away from 
these nuclei will then be observed. Students may recognize 
emer ot VeleseLWeen tinese HUCle1 and Chose mentioned, in 


connection with water-droplet formation in Section Eight. 


Came LUdemts should notice that slowly grown crystals 
eceawieucneger sizes than do those which are grown more 
asovl 7. ee Wis Enebertsra Similarity Detween crystal growen 


Ci MEINES euaCl sce SoOiuiesome. 





7 = = 
] 4 7 7 
peas : : 







ue ae 
ve. 2 rs avase atid bedfomiy siT *.gnseexG) 


+ 


=. ‘ a i 
; sa sae uci culelels e 








Sg (Ae eat o Vor SHH ¢ 

: riloow sdf. .brem Lia) Suey Petaom 
os i . : 7 po - 
-) e - ‘ , - = - 
; 4 eioun we 6 Lijau [isszyso ‘te vidsd 

| Jor. btesh Ti6s8 is Gdolsese 7 

; a. or - as eer, 2 ak 
, - vi i > © 2 & G.% ‘> — © + 4 rr’ ta Teun = id 





F . ; iB é f- rid ! f 4 . ey sa oe A sr a 
| realli st At: i a 
. ' . - fF r Te : jo] ; i 1a we ihe, Barn 


251 


INVESTIGATION 9.5: Volcanic Rocks 


Rocks can be grouped or classified in many ways. In order 

to classify them you must look for similarities and differences. 
When you look at rocks you may observe that some are larger 
than others. However, a small piece broken from a larger 
TOCKeloestilietne same kind OL rock. | You might group 

rocks according to crystal size or density or hardness. 

After you examine the rocks, choose your own basis for 
classification. You will also have an opportunity 

to decide which substances are contained in different 


rocks, 


Materials (per team) 


Volcanic rock set 


Mineral set 


Procedures 


A. Develop a classification system for the volcanic 
rocks in your set. (Each member of your team 
may have a different system.) Examine another 
set of volcanic rocks to find whether your system 


can be used for any similar set of rocks. 


B. Recall the results of Investigation 9.4, The 
Textures of Solids. Examine the textures of 


volcanic rocks. 


Interpretations 


1. Do you think the rocks in your sample cooled 


rapidly or slowly? Give reasons for your answers. 
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Procedures (continued) 


C. Use a labeled set of volcanic rocks to find the 


name of each rock in your set. 
Interpretations 
2. For each rock in your set write a thorough description 
including texture, color, how it reflects light, and any 
other properties you observe. 
Procedures (continued) 
D. Use a labeled set of minerals to find the name 
of each mineral in your set. Divide the set into 
two groups: light colored minerals and dark 
colored minerals. 
Interpretations 
3. Record the results of Procedure D in your notebook. 


Procedures (continued) 


E. On the basis of color, decide which minerals you 


think are in each of the volcanic rocks. 


Interpretations 
4. Record the results of Procedure E in your notebook. 


5. What evidence would indicate that gases were 


present in rocks as they were formed? 


6. Which rocks (if any) in your set were formed from 


material containing gas? 
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TEACHER 
MATERIAL 


INVESTIGATION 9.5: Volcanic Rocks 


Materials 


Volcanic rock set: Each set should contain basalt, 
obsidian, rhyolite, pumice and scoria. 

Mineral set: Each set should contain quartz, light 
and dark mica (muscovite and biotite), feldspar, olivine, 
hornblende and garnet. 

There should be one or more labeled sets of each kind 
in the room in addition to the unlabeled sets for each 
team. If possible, there should be some variety in sizes 


and shapes of specimens. 


Procedures 


A. Some possible classification schemes are: 


(C6105) 
light--rhyolite, pumice 


dark--basalt, scoria, obsidian 


(Presence or absence of bubbles) 
bubbles--pumice, scoria 


no bubbles--basalt, obsidian, rhyolite 


(Reflection of light) 
shiny (glassy)--obsidian, pumice 
dull--basalt, scoria, rhyolite 


Students should be encouraged to develop their own 
basis for classification, but to avoid systems 


based on the size or outline of the rocks in their set. 
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13} No comment. 


Interpretations 


1. The rocks probably cooled rapidly because 
crystals, if present, are too small to be seen. If this is 
not apparent to students do not press the point. After they 
have seen the more coarsely crystalline rocks of Investigation 
9,10 they will have a better idea of what is meant by "large" 


and! “smaliweerystals,. 
Procedures (continued) 
C. If only one labeled set is available, the teams 
could take turns using it. It would be better 
to have more than one labeled set so that samples 
could show some of the normal variation in size, 
shape and color for each type. 


Interpretations 


2. Sample answer: 


Light 
Rock Texture olor |Reflection Other 
St EOS oo ere te 
like very fine 
basalt sandpaper dull 
Obsidian| smooth dark shiny Curved lines on 
broken surfaces 
Light passes through 
thin edges 


Pumice filled with Very light weight 
small bubbles | grey shiny for its size 


Score many bubbles dull 


Rhyolite| like fine . 
Sandpaper dull 
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Procedures (continued) 


D. Same comment as for Procedure C. 


Interpretations 


Bee Grouping. Dyecolor: 


Light colored minerals Dark colored minerals 
Quartz Olivine 
Feldspar Hornblende 
Mica (Muscovite) Garnet 


Mica (Biotite) 
Procedures (continued) 


E. Encourage students to make intelligent guesses 
based on their observations. If they expect to 
be told the "right" answer, they may not want to 
commit themselves. The following table should 


not be discussed with the students. 
Interpretations 


4, 
: : Also present, but students 
Rock Possible Minerals Present may or may not include 


these in their lists 
fee eee i eee ee 
Hornblende, Garnet, Feldspar, Mica 


Basalt Olivine (Biotite) 





Obsidian|Quartz, Hornblende Actually there are no 
minerals present. 
Obsidian is a glass-- 
cooled so rapidly that 
mineral crystals do not 
have time to form 


Pumice Quartz, Feldspar Again, no minerals 
present--pumice is a 
glass 


Scoria Hornblende, Garnet Feldspar, Mica 
Olivine (Biotite) 


Rhyolite|Feldspar, Quartz, 
Hornblende 
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5. The presence of bubbles or many small holes in 
the rock would indicate that gas occupied those spaces 


while the rock was forming. 


6. Pumice and scoria contain bubble spaces. 
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INVESTIGATION 9.6: The Mouth of a River 


Processes which change the landscape often occur in and 
near rivers. Procedures in this investigation may help 


you to understand some of these processes. 


Materials (per team) 


Clear quart bottle with lid 
Ruler (metric) 
Sand 


Water 


Procedures 


A. Place about three tablespoonsful of sand in the 
bottle. Fill the bottle with water and then put 
the cap on firmly. Hold the bottle upright, 
then quickly turn it upside down and hold it 
perfectly still. Observe the bottle and its 
contents for about 30 seconds. Repeat several 


times, 


Interpretations 


1. Which particles settled out more rapidly? 


2. Which particles stayed in suspension longest? 


3. Under what conditions will sand remain suspended 


in water? 
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Figure 9.10. River Mouth. 


Procedures (continued) 


B. Examine the photograph (Figure 9.10) carefully. 
Refer to it as often as necessary in answering 


the following questions. 
Interpretations 
4, Why do you think the water in the left center 
part of the photograph appears lighter than the rest of 


the water? 


5. How is the river related to this area of lighter 


appearing water? 


6. What could prevent suspended material from 


settling out in the river? 
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7. Will the large particles or small particles of 


suspended material settle closer to the river mouth? 


8. Do you think the body of water at the left of 


the photograph is a lake or an ocean? 


9. Does this body of water have an unlimited ability 


to accept sand? 


10. Where do you think the suspended material in the 


river came from? 
Procedures (continued) 


C. Pour water from the bottle until the remaining 
water is 10cm deep. Do this carefully to avoid 
losing sand. Then replace the bottle lid, shake 
the bottle and place it upright on the table. 
Allow the sand to settle. Use the metric rule 


to measure the height of the sand. 


Interpretations 


11. Roughly what fraction of the contents of the 


bottle is now sand? 


Imagine a sandy river which is ten meters wide, 
three meters deep, and flowing at about the speed a person 
walks. In one year such a river would transport about one 


billion cubic meters of water. 
Interpretations 
12. If the imaginary river contained the same fraction 


of sand as did your bottle, how many cubic meters of sand 


would it transport in a year? 
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13. What effect do you think rivers have on the 


landscape? 
Problems 


1. Outline a procedure by which you could estimate 


the amount of water flowing in a river near your home, 


2. Outline a procedure by which you could estimate 


the amounts of suspended material being carried by a river. 
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TEACHER 
MATERIAL 


INVESTIGATION 9.6: The Mouth of a River 


Materials 


In some localities suitable sand may be found along 
rivers and beaches. Fine white sand for mortar, available 
at many building supply yards, is also quite satisfactory. 
Results are improved if coarse aquarium sand (#4), or 
equivalent, is added to the fine sand. Commercially 
available sands which have already been sorted (by screening 
or by water), may not demonstrate how sand can be sorted 
in a bottle. Garden soils tend to have a high proportion 
of very fine material which may obscure the result. What- 
ever you decide to use, it would be well to test the material 


seers toys 


Procedures 


A. See Figure T-9.6, 


Figure T-9.6. Sorting Effect. 
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Interpretations 


1. The larger particles settle out more rapidly. In 
some cases other tendencies may also be noticed, For 
example, it is possible that particles of a certain color 
are especially dense and may settle more rapidly than those 


of other colors, sizes being equal. 


2. The finer particles tend to stay in suspension 
longer. A similar observation has been made concerning 


dust particles in air. (see page 241) 


3. Sand will remain suspended only if the water is 
agitated. The larger particles, to remain in suspension, 


require greater agitation. 

Procedures (continued) 

B. No comment. 

Interpretations 

4, This water contains suspended material (which 
scatters light to the camera more effectively than does 


the clearer water adjacent to it). 


5. The river is the source of the water containing 


suspended material. 


6. The motion of the water in the river provided 


the agitation needed to keep the material suspended. 


7. The larger particles will settle closer to the 
river mouth. As in the bottle, the smaller particles 
will settle more slowly and have the opportunity to drift 
farther, 
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8. There is probably not sufficient evidence to tell 
whether the body is a lake or an ocean. The question is 
raised in order to bring out the fact that rivers can 


deposit sediment in either fresh water or salt water. 


9, For practical purposes oceans have unlimited 
Capacities to accept sand. Lakes, being smaller, have 
more limited capacities. In geological terms, lakes are 
thought of as being relatively young. Had they been in 
existence for long periods of time they would have been 


completely filled with sediment. 


10. Responses will vary. Accept all answers at this 


time. 


Procedures (continued) 


C. No comment. 
Interpretations 
ll. Answers.will vary. 


The volume for one year is calculated by multiplying 
the width of the river times its depth times rate of flow 


times the length of a year. 


Interpretations 


12. Answers will vary. Each student's response to 


Interpretation 11 should be multiplied by the one billion. 


13. Rivers carry considerable amounts of material 
from higher areas to lower ones. It is estimated that 


the rivers of the United States are carrying sufficient 
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weathered material to lower the landscape by 2.4 inches 


every 1,000 years. 


Problems 


1. The statement following Interpretation 11 may 
suggest a method to some students. Allowance should be 
made for varying rates of flow at different times of the 


year. 


2. A bottle, bucket, or other container could be 
filled from the river. The material in suspension should 
be allowed to settle and the ratio of suspended material 
to water estimated. 

In addition to its suspended load, a river may 
carry considerable amounts of dissolved minerals and 
large quantities of "bed load." This latter is moved along 
close to the bottom of the river and might be missed in 
the sampling procedure suggested above. 

As the speed of a stream increases during periods 
of heavy run-off, its ability to transport material rises 
at an exponential rate. Estimates for one river show a 
maximum flow of 1,000 times that of minimum, and a suspended 
sediment load at maximum which is 100,000 times the load at 


low water! 


INVESTIGATION 9.7: Sedimentary Rocks 


Sedimentary rocks are made of materials that came from the 


destruction of previously existing rocks. When deposited 


material is cemented together by pressure and chemical 


action, 


the material formed is called sedimentary rock. 


A study of sedimentary rocks can provide information about 


conditions that existed long ago. 


Materials (per team) 


Sedimentary rock set 
Mineral set 
1 bottle dilute acid 
1 hand lens 


Imetric cu ler 


Procedures 


ie 


Study the sedimentary rocks. Compare them with a 


labeled set to find the name of each type of rock. 


Arrange the rocks in order according to the size 
of the fragments they contain. Record the names 
of the sedimentary rocks. The name of the rock 
containing the largest fragments should be listed 
first and the others according to decreasing 
particle size. Beside each name, make a small 
sketch of the sample, and record the average 


particle size in millimeters. 


Interpretations 


te 


Which rock was formed from fragments that would 


settle out of rapidly moving water? 
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2. Which rock was formed from fragments that would 


settle out of slowly moving water? 


3. Which rocks were most likely formed in an ocean 


or lake? 


Procedures (continued) 


C. For each type of rock, list the minerals which 


you think Tt probably contains. 


D. Test each mineral with a drop of dilute acid. 
Observe and record any results and then blot the 
drop with a dry paper towel. CAUTION: This acid 


is corrosive. Be careful not to spill it. 


E. Test each rock with a drop of dilute acid, and 
record any results. Then blot the drop with a 
dry paper towel. 


Interpretations 


4, Did Procedure E give information about the mineral 
content of the sedimentary rocks? If so, what additional 


information was gained? 


Problems 


1. The sedimentary rocks of a certain river basin 
consist mainly of sandstones. There are some conglomerates 
found in the northern part of the area and some shales in 
the south, Do you think the rivers which brought the 
sedimentary material to the area flowed from the north or 


from the south? 
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TEACHER 
MATERIAL 


INVESTIGATION 9.7: Sedimentary Rocks 


The emphasis of this investigation should be on the 
relationship between the processes that produce sedimenta- 
tion and the sedimentary rocks. The student text states 

that sedimentary rocks are derived from pre-existing rocks. 
This is not strictly true since some limestones are deposited 


ELOMMWateGe sollte ons 


Materials 


Sedimentary rock set: Conglomerate, sandstone, 
shale, limestone, 

Mineral set: Quartz, feldspar, mica, olivine, 
hornblende, garnet, and calcite. (The mineral set is the 
same as for volcanic rocks, with the addition of calcite.) 

In addition to the team sets there should be one or 
more labeled set Of each type. 

Dilute acid: add 10ml of concentrated hydrochloric 
acid to 90ml of water and pour 10ml into a dropper bottle 
for ecachwteans + CAUTION: sHydrochloricyacid is «corrosive. 
Be careful not to breathe the fumes or spill any of the 
concentrated acid on you. 

Hand lens: the one-inch focal length lens can be 


used, 


Procedures 


A. No comment. 
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B. The rocks arranged by fragment size are: 
Rock Size 

Conglomerate larger than 2mm 

Sandstone 2mm to O.1mm 

Shale smaller than 0.1mm 

Limestone too small to see 
Interpretations 
1. The fragments in conglomerate could have settled 


from rapidly moving water. 


Dee 


The fragments in sandstone could have settled 


from slowly moving water. 


She 


Shale and limestone were most likely formed in a 


lake or ocean. 


Procedures (continued) 


The mineral content depends on the particular 
samples. If the fragments are light colored, 
Students should list the light colored minerals. 
The shale may contain dark minerals, or its dark 
color may result from the carbon of included 


organic material. 


Calcite reacts with acid to give off a gas (CO,). 


Other minerals do not react. 


Limestone reacts with acid to give off a gas. 


Other rocks should not react. 
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Interpretations 


4, Procedure E indicates that limestone contains 
calcite, and that the other sedimentary rocks in the set 


GOmNnOENCOntalneCca lol ter 


Problems 


1. The rivers probably flowed from the north. The 
coarser rocks would then have been deposited closer to the 
river mouths where the water was still moving. If the 
area under consideration is a large one, the additional 
distance the material was transported would result in its 
being worn to finer sizes as rivers carried it to the 


southern end of the area. 





ve 


OL. ieee ew bt é mec 
» o 7 apm 


























\ Shae 
odeonkl gent t asda ibe, a euubeoc ot vt) 
i : co f oor Vis i we eric 93 dari bas \stiol 
) | | ou iofeo akesavs: ort. “OE 
pi 7 
4 emakoon ; 


i mort bewolt yldsdor exsviz 
= d ti pogs—, Sa evs d asi 1 ‘be crow ~~ ie eK 17 

et (Lise 2ew xedsw srttenerdwe ine ovis 
oltstebienas + tabas 
pre bs 'FOQRBAE13 ae aye teats sR ania oD, IBLE 
og it a’ x 


i £3358 =i he to fine axes i jOSe 


: F 


pe 






Te 
_ 


= ' 


sie | “a 
’ a 


EP 
~ 





259 
EARTH BUILDING PROCESSES 


At first, shoreline terraces, volcanoes, and stream 
mouths may not appear to have much in common. However, 
they were selected to be among the first topics in this 
section of the course because of one thing they do share: 
they are evidence that certain parts of the earth's solid 
surface are either rising or are being built up by having 
material deposited upon them. The ocean floor near a 
river mouth comes closer to the surface as suspended 
material settles onto it. Entire regions of some coasts 
appear to be rising. Volcanoes and the land surrounding 
them may rise many feet in relatively few years as lava 
and volcanic ash accumulate. For example, the volcano 
Mauna Loa, in Hawaii, rests on a base covering 5,000 
Square miles of sea floor. On this base is piled 10,000 
cubic’ milesy ofrvoleanic Frock rising tol astotal»height; 
measured from sea floor to summit, of 30,000 feet. Thus, 
in one sense, the volcano Mauna Loa is the tallest mountain 
in the world. 

In other regions there are different processes at 
work which appear to be elevating parts of the earth's 
surface. From your study of fossils you have reason to 
believes_havgtchnerteanthahasiween fneexistence Mior a WveLy 
long time. Are the processes that build up the height of 
the land the only ones at work? Would the earth's surface 
be as we now see it if only these processes have continued 
for long periods of time? 

When high mountains and low areas are all taken into 
consideration, the average height of the land is found to 
be only about 2,700 feet above sea level. Have the land- 
building processes started only recently? Or are there 


also earth-leveling processes at work? 
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MEANDERING AND BRAIDING 


In a recent investigation you observed the effects of 
shaking water and sand together in a bottle. When you 
stopped shaking the bottle the water did not stop moving 
immediately. Typically, the water will continue to swirl 
about for a few seconds until friction within the water 
and against the sides of the container gradually brings it 
to a standstill. At the same time this is happening, 

the suspended material is settling out. The first particles 
to settle, while the water is still in fairly rapid motion, 
are the larger ones. As the water moves less and less 
rapidly, finer and still finer particles settle. 

This sort of behavior is similar to what happens in 
an actual river. The more rapidly a river flows, the more 
suspended material it can carry. When the river is 
flowing gently, less material can be held in suspension. 
As a result, the amount of material that a river transports 
is not! constant: 

Generally, rivers tend to erode (wear away) banks 
and beds most actively in their headwaters, to transport 
material throughout their lengths, and to deposit material 
near their mouths. Also, it can be said that erosion, 
transportation and deposition all depend upon how rapidly 
the water moves. 

Figure’ 9111 ‘shows a curvesin airivem. #410 three 
processes, erosion, transportation and deposition, may be 
going on in this one area and at one time. The muddy 
appearance of the water suggests that it is transporting 
suspended material. Along the outside bank the water is 
moving more rapidly than around the shorter, inside edge 
of the curve. Around this outer edge of the curve (at 
the right of the photograph), the fast moving water is 





he 


Figure 9.11. Curve in River. 


undercutting the bank and acquiring more material for its 
suspended load. Along the inner bank, suspended material 
is being deposited from the slower water. The result of 
these three things happening is that the course of the 
river is shifting slowly toward the outside bank. It is 
also likely that the river will erode the downstream part 
of the outer bank more rapidly. This results from the 
Pactmc hate Ener r Vermeer unsamOresGurect ly “into this¥parkeot 
the bank. Over a period of time the path of the river may 
ehange noticeably.» This changing of paths is allustrated 
in Figure 9,12, in which fragments of former river courses 
can be seen. 

Rivers such as these, which wind back and forth, are 
said to meander (wander). Do you think that rivers are 


more likely to meander in places where their courses are 
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Figure 9.12. Meandering River. 


steep or in places where they flow across nearly level 
ground? As the river shifts its path, a valley much wider 
than the actual stream width may be cut. Old terraces 
which represent former levels of the valley floor can often 
be seen above the present river level, as in Figure 9.11. 

During times of high water the river may flood and 
spread out to cover large parts of its valley. From the 
Shallow, slow-moving water far from the main course of the 
stream, fine silt is deposited. Near the banks of the main 
river channel, where the flood water is rapidly losing speed, 
thicker deposits of coarser sand and gravel may be laid 
down. These form natural levees which tend to keep the 
river within its banks during later floods. 

Another case in which a river is eroding, transporting 
and depositing material simultaneously is shown in the lower 
right part of Figure 9.13. Here thesriver dsssaid to be 
"braided." It has broken into many small channels which 


tend to rejoin and then split again. 
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If there are streams near your home or school, look at 
them for evidence of braiding or meandering. Even water 
running in the gutters of city streets after a rain may 
show one or the other of these patterns. 

A river is not a simple thing. It must flow downhill, 
following valleys rather than ridges; yet the activity of 
the river helps determine where the ridges and valleys 
will be. This interaction between rivers and landscapes 
is one of the most widespread, most often repeated, and 


most interesting aspects of geology. 





Figure 9.13. Braided Stream Bed. 
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TEACHER 
MATERIAL 


MEANDERING AND BRAIDING 


This selection, dealing with rivers, serves as a bridge 
between the processes which build up the land and the 
processes which level the land. It also points out the 
difficulty of categorizing geologic agents, Since rivers 
serve both to tear down and to build up the land. 

The term "erode" is used for the first time in this 
selection. If the word is not familiar to students, 
explain that it implies breaking up of coarse material and 
transportation of the resulting finer substance. The 
term "weathering" refers to processes which break rocks 
down into smaller units, either physically or chemically, 
without their subsequent removal. Thus, development of 
soil from underlying rock would be called weathering, 
whereas the breaking up of rock and its removal (as by a 
river) would be termed erosion. 

The unanswered question relating to steepness of 
river courses can be discussed in class. If no consensus 
develops, students may be encouraged to look through magazines 
and books for photographs of meandering and non-meandering 
rivers. From these it should become apparent that meandering 
is a characteristic of rivers which flow over nearly level 
surfaces. Over steeper ground rivers follow straighter 
courses, In the extreme case, the most perfectly straight 
river would be a waterfall. 

The dynamics of meandering are somewhat complicated 
and are described in Scientific American (June, 1966). The 
problems associated with braiding are not brought up in the 
text, but could serve as an example of an unresolved question 


in geology. Under just what conditions will a stream braid? 






valley bottom 
before uplift 


Figure T-9.7. Terraces Matched. 


It seems likely that the final answer will involve both 
the slope and the nature of the material being transported, 
but as yet no complete and widely accepted analysis has 
been given. 

Similarities and differences between stream and sea 
terraces can also serve as a topic for discussion, both 
types of terrace are cut by moving water. Whereas the 
sea terraces give evidence for elevation of the land 
relative to the ocean, the presence of river terraces may 
or may not indicate that the land in which they are carved 
has been elevated since formation of the terraces. If 
terraces on opposite sides of a river valley match in 
elevation (see Figure T-9,7) it seems likely that their 
level indicates a former, stable level of the floor of the 
valley. Subsequent uplift may have resulted in the 
acceleration of cutting by the river ("rejuvenation") 
until it once again eroded the land down close to its 
"base level" and ceased rapid cutting. On the other hand, 
terraces which do not match in elevation, but alternate, 


may have resulted without uplift. As the stream erodes 
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Figure T-9.8. Terraces Not Matched. 


its way into the valley its path sweeps from side to side 
leaving such terraces (see Figure T-9.8). 

In addition to the activity of the river, the types of 
rock present and the structures in them may have effects on 
the drainage pattern. This subject will be considered by 


students at a later time. 
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INVESTIGATION 9.8: Random Flow 


Imagine rain falling on a smooth, sloping area of the earth's 
surface. Some of the drops soak into the surface, and 

others evaporate back into the atmosphere. The rest of 

the drops flow along the surface. Each moves downslope 

until it comes to some small obstacle. Will the drop then 
pass to the left or to the right of the obstacle? It is 

not possible to predict this. Such unpredictable events 

are said to be random. In this investigation you will 


produce some random paths. 
Materials (per team) 


Die 


Quadrille paper 
Procedures 


A. Select a direction on the paper to represent 
downslope. Represent this direction by a short 
arrow drawn parallel to and near either of the 


shorter sides of the paper. 


B. Place about 40 dots at random on the sheet of paper. 
Each dot should be located at a corner of one of the 
small squares ruled on the paper. 
The dots should be spaced fairly uniformly, but 
there should be no order or pattern to them. 
The dots will represent drops which will move down 


the surface according to the following rules: 
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Rules; 


i. In its turn each drop is moved one space and its 
path is marked by a pencil line on the paper. 

ii. Before it is moved the drop's path is determined 
by rolling the die. A roll of 1 or 2 on the die determines 
that the path will be diagonally downslope to the left, a 
3 or 4 that it will be directly downslope, and a 5 or 6 that 
it will be diagonally downslope to the right. (Note that 
the number on the die indicates direction only, and not 
distance.) See Figure 9.14. 

iii- In general, upslope dots should be rolled for and 
moved before lower dots are moved. Do not roll for or 
move downslope dots until all upper dots have progressed 
down to their level. 

iv. Once a drop intersects the path or location of 
another drop the two move together, and their path is 
represented by two pencil lines side-by-side. A single 
roll of the die will determine the direction of their 
joint move. If a third drop joins in, the 3 will thereafter 


move together, and their path is marked by 3 parallel lines, etc. 


Figure 9.14. Directions of Moves. 
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v. Other things being equal, larger amounts of water 
move more readily down a slope than do smaller amounts. In 
order to account for this: The length of a move is determined 
by the number of dots represented in that move. Single drops 
move one space each roll. Two drops flowing together move 
two spaces in the direction determined by a single roll of 
the die, etc. 

vi. If it appears that a group of dots moving together 
may intersect the path of a smaller number of dots, the 
larger group should be moved first even though the smaller 
number is upslope. This will prevent the crossing of streams, 


something which does not occur in nature. 


Procedures (continued) 
C. Roll the die and draw in paths for the dots until 


all have moved off the sheet. Compare your results 


to Figure 9.15, a map of an actual drainage pattern. 


Figure 9.15. Dendritic Pattern. 


Interpretations 


1. In what ways does the pattern produced by moving 
the dots resemble the drainage pattern of Figure 9.15? 
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Figure 9.16. Trellis Pattern. 
2. What might account for these similarities? 


3. In what ways does the pattern you produced differ 
from the drainage pattern of Figure 9.15? 


4. How might the rules be changed to produce a 
pattern that corresponds more closely to the drainage 
pattern? 


5. Why do you think the area shown in Figure 9.16 
has a drainage pattern which is so different from those 


considered earlier in the investigation? 
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TEACHER 
MATERIAL 


INVESTIGATION 9.8: Random Flow 


The paths produced in this investigation will not be 
completely random since they, like actual stream paths, 
have a non-random tendency to move downslope. The unpre- 
dictable turns to left or right are random. 

The printed rules for this game make the game appear 
more complicated than it actually is. In order to avoid 
discouraging students by confronting them with the lengthy 
set of rules, you may wish to demonstrate the game in class. 
As soon as students understand the rules they can be 
allowed to start their own games. The games may be 
started in class and finished as homework. 

A single sheet may be worked out by one student, or 
by two or three. (Once started, two students working 
together can complete one game in about 30 minutes.) 

As a variation, you might prepare ditto sheets with 
dots and grid lines. Though starting with identical sheets, 
each group of students will end up with a different pattern. 
The different patterns emphasize the random nature of the 
process, 


Materials 


You may wish to provide each team with a paper or 
plastic cup. With these, the die need not be thrown, but 
may be shaken in the cup with a hand over the top and then 
observed while still in the cup. 

Quadrille paper is available with varying numbers of 
lines per, inch, Ruling of «foun tothe gine ie scui te 


Satisfactory. 
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Procedures 


A.B. No comment. 


C. Figure T-9.9 shows a typical pattern. 
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Figure T-9.9. Completed Game. 


Interpretations 


1. The patterns generated here resemble stream 
patterns in several ways: Both show a distinct downslope 
trend with random changes in direction. In both cases 
paths merge to form larger paths. Larger paths tend to 
travel greater distances before changing direction. Students 
may think of others, 
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2. Statements which describe the behavior of actual 
streams have been translated into rules which determine 


the behavior of the paths in the investigation. 


3. Actual paths are less angular than those produced 
in the investigation. Smaller streams have a non-random 
tendency to flow toward larger streams and join them at 
nearly right angles. (This is due to the fact that the 
downslope direction is locally altered as the larger streams 


produce deep channels.) Students may note other differences. 


4, After being sketched in and located, changes in 
direction could be shown as more gentle curves with larger 
streams showing curvature of greater radius. This would 
help correct the first disparity noted in the responses to 


Interpretation 3. Accept all possibilities. 


The purpose of the investigation is to cause students 
to think about the factors which influence the development 
of a drainage system, that is, the "rules" to which actual 
streams adhere. If possible, encourage discussion along 


these lines. 


5. Since the pattern of the figure is distinctly 
different, drainage must have developed with different 
starting conditions or with the water behaving in different 
ways under the same conditions. The former appears to be 
the case. Instead of being a ". . . smooth, sloping area 

." the area of Figure 9.16 is crossed by parallel 
lines of resistant rock. This is the subject of the next 


reading selection, 
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ANOTHER STREAM PATTERN 


A "dendritic" stream pattern may cover thousands of square 
kilometers of the earth's surface. One can also develop 
in a-road’ cut; in -a’vacant lot} or*in some other small 
area. In the last investigation you were able to develop 
a pattern which resembled a dendritic stream pattern. 
Several assumptions were made early in that investigation: 
It was assumed that the rain fell on a smooth, sloping 
area. It was also assumed that when a stream came to an 
obstacle it would not be possible to predict whether the 
stream would pass it to the left or to the right. 

If a stream flowed on a slope which was not evenly 
sloping, it might be possible to predict its behavior. 
Predictable behavior is not random. Stream patterns formed 
under such conditions would not be dendritic. 

The stream pattern shown in Figure 9.16 developed in 
an area in which there were long parallel bands of easily 
eroded rock between more resistant bands. As might be 
predicted, valleys developed in the weaker material and 
the outcroppings of resistant rock remained as ridges. 
Thus the major streams of the area flow along parallel 
courses. The tributaries (smaller streams) flow down the 
Sides of the ridges and join the larger rivers at nearly 
right angles. Such a system is known as a "trellis" pattern. 

Notice that in some places a river will not follow 
the general trend of the ridges and valleys but instead 
cut through one of the resistant ridges to join the next 
parallel river. How was the river able to leave its 
valley? 

Possibly the course of the river was already established 
before the ridge existed and then the ridge rose slowly 
up under it. Under such conditions the river might be 
able to continue on its course, eroding the ridge material 


as rapidly as it rose. A somewhat similar situation would 
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be one in which the entire drainage surface was once at 

a higher level than that now seen. As the level of the land 
was lowered by the action of the streams, the streams 
encountered the underlying bands of weak and resistant 

rock. Smaller, less powerful streams were forced into 
courses running along the easily eroded valleys. Larger, 
more powerful rivers continued in their courses, even across 
bands of resistant rock. 

A different situation is that in which a tributary of 
one river (River I in Figure 9.17a) erodes its way upslope 
until it has cut entirely through a ridge. A second stream 
(River II in Figure 9.17b) is "captured" by the tributary, 
flows through the ridge and joins River I. This process 


is known as stream "piracy." 





Figure 9.17a. Stream Piracy. 


riverl 


\ 


river IL 





Figure 9.17b. 
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TEACHER 
MATERIAL _ 


ANOTHER STREAM PATTERN 


Landscapes and drainage patterns of the sort described 

in this selection can be simulated in a demonstration 
with a thick towel. The towel is laid flat on a smooth 
surface and then shaped into long, parallel wrinkles. It 
should become apparent that streams will tend to follow 
the valleys formed. Manipulation of the towel can produce 
ridges which are interrupted by "water gaps" through which 
rivers pass. A plunging (tilted) anticline can be simulated 
by producing a single, large fold and then pulling apart 
corners of the towel at one end of the anticline. The 
repetition of beds at the surface resulting from folding 
of a sedimentary series can be shown by wrinkling a stack 


of colored towels and viewing from the side. 
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INVESTIGATION 9.9: Defining a Problem 


In many of the investigations which you have performed you 
have been asked a question. Then procedures were outlined. 
As you followed the procedures you made observations. 

Proper interpretation of the observations may have led to 

a model (a useful way of thinking) which made the original 
question less puzzling. In some investigations the questions 
have been stated directly. In others you may have been well 
on your way to the answer to a question before you really 
understood what the problem was. In this investigation 


you will attempt to recognize and state a problem. 
Materials 
None 
Procedures 


A, Examine Figure 9.18. Pay particular attention to 


the fence. 





Figure 9.18. Fence. 
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Interpretations 


1. State a question about the fence. 


2. What assumption must be made about the way the 


fence was built? 


3. If necessary, re-write your question (Interpretation 1) 


to include the assumption. 

Procedures (continued) 

B. When you have stated your question as clearly as 
you can, compare your question to questions 
stated by other members of the class. 

Interpretations 

4, List several possible answers to your question. 

Try to include at least one geological solution to the 


problem. 


5. Prepare a list of procedures which might lead to 


accepting or rejecting the answers of Interpretation 4, 


Procedures (continued) 


C. Examine Figures 9.19 and 9.20. 





Figure 9.19. Tree. Pacures Oo) 2Onmm Oa dm Cubs. 


Interpretations 


6. Assuming that the features shown in Figures 9.18, 
9.19, and 9.20 all result from the same process, what do 
you think was the process? 
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TEACHER 
MATERIAL 


INVESTIGATION 9.9: Defining a Problem 


You may wish to allow small groups of students to compare 
responses (as called for in Procedure B) as soon as several 
students are ready to do so. Or you may want students to 
wait after completing Interpretation 3 until all are 

ready to participate in a class-wide discussion. Be sure 
that each student has had sufficient time to formulate his 
own question before comparisons are made, or a major aim 


of the investigation will be missed. 
Procedures 
eNO Comments 
Interpretations 


1. A typical response, with geological significance, 
might be, "Why are the fence posts tilted?" Give clues, if 
necessary, as to the type of question desired without giving 


away that this is the problem in which we are interested. 


2. iItas) reasonable to assume) that theofence’ posts 


were vertical when the fence was built. 


3. A question of the form, "What has caused the fence 
posts to tilt?" includes the assumption, If this assumption 
is not at least implied, answers to the question could 


include the trivial response, "Perhaps it was built that way." 
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Procedures (continued) 


B. See comment in introduction to this investigation. 


Interpretations 


4, It is hard to predict all responses, though it 
seems likely that students may include: 
"Animals have leaned against the posts." 
"Wind has blown them over." 
"The soil has shifted." 
"Something ran into the fence." 
At this point we wish to include as many responses 


as we possibly can. 


5. Responses could include: 

"Interview property owners. Ask them if the posts 
were originally vertical, if animals were ever kept in 
fields bounded by the fence, etc." 

"Look for other fences to see whether or not 
tilted fences are a common phenomenon, " 

"Check with the weather bureau to find out the 
direction of prevailing winds." 

"Observe fenced fields in which animals are kept 
to see whether animals do lean against posts." 

"Follow the fence to a place where it crosses 
level ground to see whether it is tilted there or only on 
Sloping ground." 

"look for examples of fences that tilt upslope." 

"Continue to observe these same posts to see 
whether tilt increases." 

"Examine other objects in the same area in order 


to see if only fence posts are affected." 
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Procedures (continued) 


Cy No comment. 


Interpretations 


6. Figure 9.19 shows a tree with a bent trunk and 
Figure 9.20 a road cut in which the upper ends of sedimentary 
beds are bent slightly in a downslope direction. Various 
suggestions as to the origin of each condition should be 
solicited. Encourage students to examine suggested processes 


which could explain all three of the observed features. 


"Soil creep" is a phenomenon which is consistent in 
providing explanations for all three. Soil creep refers 
to a very widespread process in which weathered surface 
material moves slowly down hillsides. The process occurs 
more rapidly in places in which the soil is alternately 
saturated and dried, and on steeper slopes. Although the 
amount of creep is not often more than a few centimeters 
per year, the widespread nature of the process makes it 
very Significant in moving large amounts of weathered 
material downslope. 

Soil at the surface creeps more rapidly than does 
that at depths of several centimeters. This is illustrated 
directly by the photograph of the curved ends of the sedimentary 
beds. It is expressed less directly by the fact that the 
fence posts are tilted instead of having been displaced 
directly downslope. The curved tree trunk has probably 
resulted from a steady tilting of the base of the trunk as 
the upper part of the tree continuously grows directly 


upward. 
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WEATHERING AND SOIL 


Rocks exposed to the atmosphere slowly change. Air and 
water can react with minerals to alter or even remove 
them, In one of the more common reactions, minerals which 
contain iron are broken down. 

You are probably familiar with rust. Iron which is 
exposed to air, especially if water is present, soon 
develops a red-brown coating of rust. The iron combines 
with oxygen in the air and becomes a new substance, iron 
oxide. Similar changes occur in rocks which are exposed 
to air, particularly if water is present. By the process 
of "oxidation" (or rusting) iron changes to rust. 

Weathering is the name of the process by which rocks 
change to soil. Rocks which have been exposed to the 
atmosphere for greater lengths of time tend to be more 
deeply weathered than newly exposed rocks. Over them will 
be deeper covers of soil. Some minerals are more easily 
changed chemically than are others. In the presence of 
air and moisture feldspar will change to clay minerals. 

On the other hand, quartz particles are resistant to 
chemical changes. 

Plants have a distinct effect in the development of 
soils. Simple plants known as lichens can grow on unweathered 
rock. As soon as rock starts to weather, other, more 
complicated types of plants can become established. Plants 
remove some materials from developing soil. Living and 
decaying plants also add to the soil. Besides the chemical 
effects which plants have on the soil, their roots may act 
upon it physically. Some kinds of plant roots can work 
their way between rocks and force them apart. Soil which 
might otherwise be washed away, may be held together by a 


dense mat of plant roots, 
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Along with the plants, there will be insects, bacteria 
and animals living in the soil, burrowing in it, and 
grazing on the plants it supports. The soil is a zone in 
which there is an intense and complicated interaction 
between the original rock, plants, animals and the 
atmosphere. 

Water tends to drain rapidly from soils which form on 
hillsides and remain longer in those which lie in valley 
bottoms. As a result the development of soils in the two 
types of locations will follow different lines and proceed 
at different rates. 

Of all the factors affecting soil development, climate 
appears to be the most critical. Soils developed from the 
same type of rock in temperate and tropic areas will be 
quite different from each other. Soils formed under the 
same conditions of climate will tend to be similar even if 
the rocks from which they develop are quite different. 

Weathering converts solid rock into materials which 
can be eroded by wind and running water. Soil, the product 
of weathering, provides a growing place for plants and 
enables the earth to support large populations of both 


plants and animals. 
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TEACHER 
MATERIAL 


WEATHERING AND SOIL 


Weathering is the process by which rock is broken into 
smaller particles without being changed in location. 
Weathering may result from chemical or physical processes 
or, most commonly, from a combination of the two, Erosion 
includes weathering and also removal of products of 
weathering. 

The five factors involved in soil formation are: 
rock type, climate, slope, plant and animal activities, 
and time. 

No detailed knowledge of soils or the processes that 
produce them is expected of students. Instead, it is 
hoped that they will develop a general feeling for the 
importance of weathering in development of landscape. 
Without weathering, as described in the student text, 
little could be accomplished by streams and by soil creep 


and other processes that supply material to the streams. 
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BENDING--UP OR DOWN 


The parallel bands of resistant and weak rocks mentioned 
earlier are a common feature in parts of North America. 
Figure 9,21 shows different effects that folded beds may 
have on the landscape. At the left of the figure is an 
anticline. An anticline is a fold in sedimentary rocks in 
which the edges of the structure are bent down and away 
from a central line. The uppermost part of the anticline 
has been eroded away to form a valley. A single resistant 
bed is exposed in two different places forming parallel 
ridges. 

A syncline is another type of folded sedimentary 
structure. In synclines the beds are bowed downward in 
the center. Again, one resistant layer of rock may appear 
at the surface in several places producing parallel ridges. 
At the right of Figure 9.21 resistant rock forms a ridge. 
This occurs despite the fact that in that area the beds are 


bowed down in a syncline. 


Figure 9.21. Folded Beds. 





anticline syncline anticline 
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Knowing that sedimentary rocks can be folded into 
anticlines and synclines may help you to understand some 
landscapes and stream patterns you see. Keep in mind} 
however, that the tops of the folds (anticlines) do not 
necessarily correspond to ridges in the present landscape. 
Look again at Figure 9.21 to see a structure in which the 
very crest of an anticline is a valley. Remember, too, 
that the sedimentary rocks forming the anticlines and 
synclines were originally laid down in horizontal layers. 
The folding which produced the anticlines and synclines 
probably occurred deep beneath the surface. This is 
suggested by the fact that often layers of rock have been 
bent without breaking. In the section on geophysics you 
will consider evidence for different behavior of rocks when 
they are under great pressure. 

It often happens that molten rock cools to form 
granite deep beneath areas where there are ranges of 
folded mountains. Close to areas in which granite is being 
formed heat and pressure may metamorphose (change) other 
rocks. Movements of the crust may then bring the granite 
and metamorphic rocks close to or above sea level. When 
the overlying rock is removed by erosion, the granite 
can be seen. The drainage patterns formed in granitic 
areas are understandably different from those formed in 


folded mountains, 
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INVESTIGATION 9.10: Igneous Rocks 


Volcanic rocks are not the only ones formed from melted 
material. All rocks which solidify from a molten state 
are called igneous [ig-nee-us] rocks. A comparison of 
different rocks can give information about the conditions 


under which they were formed. 


Materials (per team) 


Igneous rock set 
Mineral set 


Magnifying lens 


Procedures 


A. Examine the igneous rocks and classify them into 
groups according to the conditions in which you 
think they were formed. In your notebook, record 
what you think the formation conditions were and 


the names of the rocks in each group. 
Interpretations 
1. Which rocks were formed under the greatest pressure 
and which under the least pressure. Give reasons to support 
your answer. 
Procedures (continued) 
B. Examine the rocks not previously studied and try to 


determine their mineral content. Use the magnifying 


lens if necessary. 
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Interpretations 

2. Compared to the volcanic rocks, is it easier or 
harder to identify the mineral content of the two new 


igneous rocks? Why? 


3. What minerals do you think are in the two. new 


igneous rocks? 


4. How could you test to see whether igneous rocks 
contain calcite? 


5. Do any of the igneous rocks contain calcite? 
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TEACHER 
MATERIAL 


INVESTIGATION 9.10: Igneous Rocks 


Two kinds of rocks containing large crystals have been 
added to the set of igneous rocks previously studied. 

The purpose is to have the students recognize that large 
crystals indicate slow cooling. This is used as evidence 
for earth building processes since slow cooling indicates 
that the rocks were formed far below the surface and have 


Since been elevated to the surface. 
Materials 


Igneous rock set: Scoria, pumice, rhyolite, basalt, 
obsidian, granite, gabbro. 

Mineral set: Quartz, feldspar, mica, olivine, 
hornblende, garnet, calcite. 

Hand lens: The one-inch focal length lens can be 
used, 

Dilute hydrochloric acid (Although not specified in 
the student materials, Interpretation 5 should lead them 


to request it.) 
Procedures 


A. Possible student response: 


Cooled Rapidly Cooled Rapidly Cooled Slowly 
with gas present 
Scoria Basalt Granite 
Pumice Obsidian Gabbro 


Rhyolite 
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Interpretations 


1. Since bubbles were able to form in pumice and 

scoria, these rocks were probably under the least pressure. 
Granite and gabbro were probably formed under 

high pressure, The reasoning leading to this conclusion 
might run as. follows: . Large grain sizes.in these. rocks 
suggest that they cooled slowly. If they had been formed 
at or near the surface, they could have lost heat rapidly 
into the air. Since they cooled slowly they must have 
been at great depth. The weight of all of the material 


on top of them would exert a lot of pressure. 


Procedures (continued) 


Be No comment. 


Interpretations 


2. It is easier to determine the mineral content of 
the two new rocks because the mineral crystals in them are 


big enough to see. 


3. The minerals probably in the two new igneous rocks: 
granite--feldspar, hornblende, quartz, biotite 
gabbro--feldspar (?), hornblende, olivine, garnet. 

Point out to students that rhyolite and granite 
have the same chemical composition. The difference in 
appearance between them results from different cooling 
rates. Gabbro and basalt also have similar compositions, 
the basalt differing in appearance as a result of faster 


cooling. 


4, If they contain calcite, they should react with 
acid to give off gas. 
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5. In order to answer this question, students will 
have to obtain dilute acid and test each igneous rock. 


No igneous rock contains calcite. 
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INVESTIGATION 9.11: Metamorphic Rocks 


Rocks which are altered as a result of heat and pressure 

are described as metamorphic rocks. Metamorphic rocks 

may be formed from sedimentary or igneous rocks. Inspection 
of metamorphic rocks can give information about the degree 


of metamorphism which has taken place. 
Materials (per team) 


Metamorphic rock set 
Mineral set 


Magnifying lens 
Procedures 


A. Examine the metamorphic rocks and attempt to 
arrange them into an order of increasing shininess. 
Assuming that all of these rocks were once shale- 


like, decide which of them has been most altered. 
Interpretations 


1. Do all sides of metamorphic rocks reflect light 


equally? 


2. What mineral do you know which might account for 
the ability of metamorphic rocks to reflect light in this 


manner? 


3. Can you recognize this mineral in any of the rocks? 


Pies mellewiltCchielock OL Locks 1S i tsLOunid 2 
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4, What other minerals, if any, can you recognize 
in the metamorphic rocks? In which of the rocks do these 


minerals appear? 


5. Which of the metamorphic rocks most closely 


resembles granite? 


6. In what ways does it resemble granite? 
7. How does it differ from granite? 
8. What sort of structure appears to be characteristic 


of metamorphic rocks? 


9. How might this structure be related to the pressure 


which caused the metamorphism? 


10. List the metamorphic rocks in order, starting the 
list with the rock which most resembles shale and ending 


with the most highly metamorphosed. 


280a 


TEACHER 
MATERIAL 


INVESTIGATION 9.11: Metamorphic Rocks 


Metamorphic rocks may also be formed from previously 
existing metamorphic rocks. This point is not made in the 


student text. 


Materials 


The metamorphic rock set should include: slate, 
phyllite, schist and gneiss. 

Shale and granite specimens from the other sets should 
be available for comparison. 

Both biotite and muscovite micas, hornblende, quartz 


and garnet from the mineral sets should be on hand. 


Procedures 


A. One labeled set of rocks can be set out for 


identification purposes. 


Interpretations 


1. Metamorphic rocks, particularly schist, have a 
tendency to reflect light better from one side than 


another. 


2. Mica is highly reflective on its cleavage faces 


and dull around the edges of its books. 


3. Mica is a characteristic constituent of metamorphic 
rocks. It should be identifiable in gneiss and schist and 


possibly in the phyllite. 
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INVESTIGATION 9,12: Freezing Water 


In some climates, weathering and erosion are largely 
dependent upon the formation of ice from water. You are 
already familiar with some of the properties of water. In 
this investigation you will consider differences in volume 


of water as it changes from a liquid to a solid. 


Materials (per team) 


Beaker 

Metric ruler 

Test tube 

Marking pencil (grease pencil) 
Lee 

Table salt 


Procedures 


A. Prepare a chart similar to Figure 9.22 in your 























notebook. 
1 Height of water in test tube cm 
2 Height of ice in test tube cm 
3 Difference in height cm 
4 Percentage difference % 
Diyos 922. 


B. Using the marking pencil, label the test tube with 
the initials of one member of your team. Half 
fill the test tube with tap water. 


C, With the marking pencil, draw a line on the test 
tube to show the level of the water in it. 
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Measure the height of the water column and zecord 


your answer on line 1 of your chart. 


D. Half fill the beaker with crushed ice. Sprinkle 
about two tablespoons of salt over the ice and 


mix the ice and salt together. 


E. Place the test tube of water in the ice-salt mixture 
so that it is surrounded by ice. Observe the 


Watenuin themes EUbDemaSmseE COOLS: 


F. When the water solidifies, remove the test tube 
and measure the height of the column of ice. 


Record your answer on line 2 of your chart. 


G. Calculate the difference in height between the 
column of liquid water and the column of ice. 
Record your answer on line 3 of the chart. Cal- 
culate the percentage difference and enter your 


answer on line 4 of your chart. 
Interpretations 


1. What was the change in volume as the liquid water 
changed to ice? 


2. By what percent did the volume of the water change? 


3. Lf 100 cubic centimeters of ice melted what 
volume of liquid water would be formed? 


4, Why would it be dangerous to freeze a tightly 
sealed container filled with water? 
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TEACHER 
MATERIAL 


INVESTIGATION 9.12: Freezing Water 

Materials 

"Pyrex" type beakers or metal cans should be used for 
the ice bath. Common jars may break when subjected to the 
low temperatures of the ice-salt mixture. 

Procedures 

AC.) NO comment. 

D.-E. If ice-salt baths cannot be used you can place the 
test tubes in the freezing compartment of a 
refrigerator overnight. Schools with cafeterias 
usually have a large freezer or locker that you 
might use. 


Bye No comment. 


G. If students are not familiar with calculating 


percentage values, an estimate will suffice. 
Interpretations 


1. In a sample run, a column of water 5cm in height 


produced a columnvor 1ce 15. scmehigh, a change of O.3¢cm,. 


on 3mm change 
SSS ee EL OG 
50mm starting height 


.06 x 100 = 6% change 
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3. 100cc of ice reduced 6% would result in 94cc of 


liquid water. 


4, Pressure produced as a result of the increase in 


volume could shatter the container. 
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THE WORK OF ICE 


When water changes from its liquid form to ice it occupies 
more space. If it was formed in a closed space, the ice 
could exert a very great pressure on its surroundings. 
Under ideal conditions this pressure can be as great as 
30,000 pounds per square inch! 

Think of the effect such a pressure might have. 
Water freezing while trapped in small cracks in a rock can 
fracture the rock. The tremendous pressure mentioned 
above is probably never reached when water freezes under 
natural conditions (perhaps you can think why), but a force 
great enough to split rocks is probably quite common. This 
process is known as "frost wedging." Figure 9.23 shows 


rocks which may have been shattered by frost wedging. 





Figure 9.23. Weathering in High Mountains. 
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The process of soil creep can be hastened by freezing 
and thawing of water in the soil. In Figure 9.24 the path 
of a soll particle is shown sogWhenswatersinethessonula. 
freezes and expands, the particle is squeezed. It cannot 
move up or down slope because other particles are in the 
way. Instead, it moves out from the slope. When the soil 
thaws the soil particle moves directly down under the 
influence of gravity. The particle does not come back to 


its original position, but to one farther downslope. 


e freeze thaw 
Vo 


Og, oa 
Figure 9.2. Sef FATAL O? Beane 
Effect of Freeze and Thaw. on O59 ST 9en,8 


The effects of gravity and of running water in shaping 
the landscape are relatively easy to see. In daily life 
there “are constant reminders of the force of Gravity. 
Rivers are common enough so that practically everyone has 
seen a river of some size and can think about its effect 
on the land. 

But glaciers are not common in most parts of North 
America, Perhaps this helps to explain why the very 
important part that glaciers have taken in shaping the 
North American landscape was not recognized until about 
100 years ago. 

A glacier can form only in an area in which more snow 
falls than can be removed by melting and evaporation. 


When snow has accumulated to a depth of 200 feet or so the 
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weight of the overlying snow will cause the deeper snow 

to turn into ice. This ice, under pressure, is able to flow 
slowly without cracking or breaking. The pull of gravity 
can cause these large bodies of ice to move down a slope 

or valley. Such a large, moving body of ice is called a 
glacier. Valley glaciers, like those found in Alaska, 
originate in higher areas where there is heavy snowfall. 
Once in motion a glacier may continue down to well below 

the elevation at which snow is plentiful. Sooner or later, 
the snout (front end) of the glacier reaches a place 

which is warm enough to cause it to melt. A glacier such 

as the one shown in Figure 9.25 will occupy the same general 


location for hundreds of years, constantly forming at its 


head, moving down valley, and melting at its snout. 





Figure 9.25. The Mendenhall Glacier. 
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Ice sheets, found now only on Greenland and in 
Antarctica, are composed of great thicknesses of ice. 
The ice is so thick, (thousands (of feet) thatuno distinc. 
slope is necessary in order to cause the ice to flow. 
The weight of ice in the central region of snow accumula- 
tion exerts enough pressure so that the edges of the 


glacier move outward. See Figure 9.26. 


accumulation 





Figure 9.26. Movement in Ice Cap. 


What unusual effects do glaciers have in shaping the 
landscape? What evidence is there for believing that 
large parts of the United States and Canada were once 
covered by ice? 

As you have observed, sedimentary deposits formed in 
water tend to be sorted. The larger particles are deposited 
as soon as the transporting water starts to slow down. 

Finer material settles out in different locations, after 

the water in which it was suspended has come to a near 
standstill. Material which has been transported by ice 

does not show this sorting. See Figure 9.27. Large rocks 
and tiny sand grains are carried side-by-side atop the 
moving ice or frozen into the body of the glacier. As the 
ice melts, or when the transported material has been carried 
to the snout of the glacier, large and small fragments alike 
are dropped in the same deposit. There is no opportunity for 
sorting or layering. Unsorted deposits of ice-transported 
material are called moraine. In North America this type 

of ‘deposit is found north of an irregular) linevextending 

as far south as Topeka, Kansas, and Louisville, Kentucky. 


Figure 9.28 shows old moraine deposits in Wisconsin. 





Figure 9.27. Fresh Moraine. 





‘Figure 9.28. Old Moraine. 
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Large, isolated boulders can be found in many parts 
of the Northern and Eastern United States. The boulders 
are too large to have been moved by rivers. In many cases 
they are composed of rock types which are not found locally. 
It is likely that long ago, the boulders were carried to 
their present locations by glaciers. Generally, the source 
area for these "erratic" boulders is to the north, suggesting 
that the glaciers came from that direction. 

Lakes are relatively short-lived features because of 
their tendency to accumulate sediment until they are 
filled in. In areas where other glacial evidence is present, 
lakes are numerous. Some lakes have resulted from the 
damming of rivers by morainal deposits. Others have been 
scoured out of the underlying rock by glacial movement. 
Immense plains, now extensively used for growing wheat and 
other grains were formed from the sediments which accumulated 
on the bottoms of older glacial lakes. 

In many places rocks have been characteristically 
polished and scratched. The polishing and scratching 
occurred when rocks imbedded in glacial ice were dragged 


over the stationary bedrock, See Figure 9.29. 


Figure 9.29. 


Seratches in Bedrock. 





ate Rie ama 
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Outwash plains are located beyond the limit to which 
the glaciers themselves reached. These areas are covered 
with material which was transported first by glaciers and 
then by rushing streams from the melting glaciers. These 
outwash plains may show kettles, small lakes formed when 
depressions filled with water. The depressions resulted from 
the melting of masses of ice buried in the sediment. 

Many otherwise puzzling features of the North American 
landscape can be explained in terms of glaciers. The 
melting of vast ice sheets must have produced enormous 
quantities of water. Some of the melt water appears to 
have drained into inland basins of the western states, 
forming temporary lakes of great extent. The melt water 
added to the oceans has raised their level by 130 meters 
in the past 15,000 years. 

But a model which is created to explain one set of 
observations often produces problems of its own. The 
various features described in this selection can be 
accounted for by thinking in terms of glaciers. Similar 
features dating from the Permian indicate that at that 
time glaciers were also common. However, the distribution 
of glaciers during Permian time is somewhat unusual. There 
were apparently glaciers in South America, South Africa, 
and Australia. Since all of these locations are close to 
the South Pole it seems reasonable to think of glaciers 
spreading north and leaving their traces. But India, 
which is north of the equator, was also glaciated during 
Permian time. This seems odd because areas adjacent to 
India were then experiencing temperate to tropical climates. 
Why should one isolated area develop extensive glaciers? 

It seems that there will always be interesting problems 


for those who study geology. 
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TEACHER 
MATERIAL 


THE WORK OF ICE 


Under natural conditions water in cracks of rocks would 
probably freeze over the surface producing a "lid" of 

sorts. However, this lid would most likely be forced 
upward, releasing pressure, long before the full 30,000 
pounds per square inch was developed. Attempts by students 
to freeze liquids in closed containers should be discouraged 
for reasons of safety. It is well known that radiators 

not protected by anti-freeze can be damaged by the effects 
of expanding ice. 

In a later investigation, "An Unusual Substance," 
students will produce a substance which has some of the 
physical characteristics of glacial ice. Ice near the 
surface of a glacier is not under sufficient pressure to 
flow and hence may fracture, producing "crevasses" or deep 
Cracks. 

Typical rates of movement for glaciers range from a 
few centimeters up to two meters per day. Glacial "surges" 
have been recorded, during which a glacier may move at 
50m per day for limited periods of time. 

Although glaciers are commonly involved in formation 
of lakes, students should not conclude that all lakes are 
glacial in origin. Lakes may also be formed by activity 
of faults, landslides, etc. The Great Lakes have doubtless 
been formed as a result of the Pleistocene glaciation, but 
their history is quite complicated. It involves the drainage 
system existing in pre-glacial times, glacial scouring, the 
formation of lakes between the receding ice front and end 
moraines, and depression of the crust as a result of the 
weight of the ice. It must be borne in mind that there 
were four major advances of ice, each involving minor 
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advances and retreats, and later advances tended to obscure 
the effects of earlier advances. 

The deposits of outwash material are recognized as 
glacial in origin by the large quantities of striated and 
"faceted" rocks and glacial flour (finely powdered: rock) 
in them. They must have been stream transported because 
of the evidence of sorting by size, but transportation 
must have been for short distances only. Otherwise, 
angular, faceted boulders would have been rounded in the 
process of being transported. 

Glacial timetables are complicated to say the least. 
It seems fairly certain that the Pleistocene "Ice Age" 
started about 300,000 years ago. There were four major 
advances of ice, the last maximum occurring about 
14,000-20,000 years ago. By roughly 6,000 years ago 
the ice sheets had essentially disappeared. Mountain 
glaciers of the present are not relics of the great ice 
age, but have originated within the past few thousand 
years. There have been numerous minor advances and 
retreats of glaciers in the past several hundred years. 
More details of the ice age itself and of more recent 
glacial activity are certain to be worked out in the future. 
Students should not be disturbed, rather they should expect, 
to read of changes and refinements in glacial timetables. 

As these timetables are worked out in greater detail, 
the relationship of glacial lakes to the ice age will 
become more clear. Some geologists hold that the same 
heavy precipitation which produced the glaciers also 
provided water for glacial lakes. Others support the view 
expressed in the text. All agree that lakes existed at 
approximately the same time as the great ice sheets. If 
students have not already made the association, you should 
lead them toward relating the glacial lakes to the shore- 
line of Figure 9.5. It is shorelines such as this which 


indicate that the vast glacial lakes existed. 
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Encourage speculation on the matter of glaciers in 
India at a time when its present environs were experiencing 
more moderate climates. In the next section the notion 
of continental drift is introduced as a solution to 
problems involving various aspects of earth science. 
Students should be left with the feeling that Permian 
glaciation in India presents a problem. Within the next 
several weeks some of them may recognize that if India was 
once in a more southerly location, was glaciated there, 
and then drifted to its present latitude the glacial 


problem could be resolved. 
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Section Ten: 


Seeking Larger Patterns 


PREV IEW 


While Section Nine dealt with geologic processes on small scale 
(structures within crystals) and intermediate scale (mountain 
building), Section Ten deals with the largest of geologic 
features and processes. In it, students consider models for 
the structure of the earth and for continental drift. 

Following a short introductory selection, students 
observe possible "fits" between margins of continents. A 
laboratory involving floating blocks, followed by text presents 
evidence for the earth's having a crust of low density granitic 
material "floating" on a denser material. 

Waves are introduced in order to make the evidence 
provided by earthquake waves more meaningful. Evidence 
provided by seismic records suggests that the earth consists 
of crust,mantle and core. 

Laboratory work with magnets shows how paleomagnetic 


properties of rocks are useful in determining former locations 
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of continents. The paleomagnetic properties of actual rocks 
substantiate the idea that continents have not always occupied 
their present locations. 

At this point students are expected to be aware of the 
advantages of thinking in terms of moving continents. Such 
motion would be consistent with observations concerning outlines 
of continents and prior locations of the magnetic pole. 

Students should also recognize that the rigidity of the mantle 
--as evidenced by its ability to transmit shear waves--appears 
inconsistent with movement of the continents. 

A laboratory study of cornstarch paste shows that 
materials do exist which have the rigidity necessary for 
transmission of shear waves and the plasticity needed to allow 
for motion. 

Text materials then show that the structure and location 
of mid-oceanic ridges suggest sea-floor spreading along trailing 
edges of moving continents. The leading edges of continental 
plates are identified by locations of mountain chains and the 
distribution of earthquake foci. 

Continental drift, as summarized in this section, provides 
a good example of a model which is currently in a vigorous 


state of development. 


oot 


Section Ten: 


Seeking Larger Patterns 


LARGE-SCALE FEATURES OF THE EARTH 


Just what is geology? Included in it is the study of 
rocks and minerals. It includes the study of processes, 
such as erosion, which change the surface of the earth. 
Geology, in fact, deals with all of the earth, from its 
very center out to the air and water which cover it and 
help to shape its surface. 

Geology includes very small-scale studies, such as 
searches for structure within single crystals. Geology 
includes studies of larger areas, measured in miles and 
hundreds of miles. One aspect of geology, geophysics, 
deals with very large-scale features of the earth. 
Geophysics involves entire oceans, whole continents, 
relationships between oceans and continents, and even 
features which are hundreds and thousands of miles within 
the earth. 

Some geologists of the present day concern themselves 
with searches for oil, for ore minerals, and for building 
materials. These geologists are carrying on a very old 
tradition, for the cave men who used stone tools knew that 
some rocks provided better tools than others. Our terms 
for historical periods, “Bronze Age," "Iron Age," and the 


like, reflect the fact that man's ability to use minerals 
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has changed. Although they probably did not think of 
themselves as geologists, it is likely that there have 
always been men who were particularly good at finding the 
minerals needed by their societies. Thus the petroleum 
geologists and uranium prospectors of today are the latest 
in a long line of mineral seekers. 

Geophysics, on the other hand, is a relatively new 
part of geology. True, speculation about the large-scale 
structure of the earth has gone on for centuries. But the 
rapid development of electronic tools, of satellites, of 
undersea probes, in the past thirty years has provided 
man with great amounts of observational evidence not 
previously available. With these new observations geophysi- 
cists are very rapidly building and revising models for the 
processes and structures of the earth. Geophysicists are 
working in a field for which there are no established 
traditions. 


What sorts of problems do you think they are studying? 
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INVESTIGATION 10.1: A Continental Puzzle 


Materials (per team) 


Thin paper 
Pencil 


Scissors 


Procedures 


A. Place a sheet of paper over the part of the map 
that shows the continent of Africa. Holding the 
paper steady with one hand, trace the edge of the 
continent. Do not include Madagascar or Arabia. 
Use the scissors to cut out the continent along 


the traced line. 


B. Lay the cut-out of Africa on the map in your book. 
Move it up against the outline of the eastern 
edge of South America. Next, see whether the 
north-western edge of Africa fits aginst North 
America. Then test to see whether it can be 
shifted to make a better fit with Spain than it 


now does. 
Interpretations 
1. Make sketches in your notebook to show the best 
possible fit against each of the places suggested in 


Procedure B. 


2. Can you suggest a way in which Africa might be 
made to fit both North America and South America? 


29h, 


3. If you were looking for evidence that Africa might 
once have been located in a different position, what might 


VOU OO mL © ara 


4. List several reasons why you think it would NOT 
be likely that Africa was ever in contact with South 


America. 
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TEACHER 
MATERIAL 


Figure T-10.1. 


ae 


a. Africa and South America 


c. Africa and Spain 





b. Africa and North America 
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INVESTIGATION 10.1: A Continental Puzzle 


Materials 


You may wish to duplicate outline maps of the world 
on a ditto in order to save time. A large wall map or 
globe in the room will make it easier to discuss the 


problems involved. 


Interpretations 

1. Possible solutions are shown. There may well be 
others. 

2. One way in which both fits could be imagined is 


by having the fits occur at different times, first one 
and then the other. Or since there are no instructions to 
the contrary, North America could also be moved. This can 


result in a solution somewhat as shown. 


Figure T-10.2. Africa fits with North and South America. 
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Other techniques that lead to better fits can be 
mentioned but need not be discussed in depth. These 
include the selection of map projections other than the one 
in the book. Each projection produces its own distortions; 
perhaps the one given in the book makes it more difficult 
to fit the continents. Then there is the problem of what 
is meant by the "edge" of a continent. Students may have 
heard of the "continental shelf." This is a part of the 
continent that extends out under the ocean at relatively 
shallow depths before dropping abruptly to the deep ocean 
floor. By taking edge of the continent to mean the edge 
of the continental shelf instead of the sea shore a better 


Pita nmOoeCmob tadsmne cis 


3. Several lines of evidence will be considered in 
future investigations. These include sea-~floor spreading 
and the distribution of mountain ranges. 

Students may also correctly suggest rock types 
that match on opposite sides of oceans, mountain ranges 
and other structures that match, plant and animal types 


(present day and fossil) that match, and others. 


4, Be sure to stress that an idea such as moving 
continents does not gain widespread acceptance overnight. 
Alfred Wegener, a German who suggested the idea of moving 
continents in 1912, met sound opposition. What forces 
are large enough to move continents? How can solid rock 
move over the surface of the earth? Even if continents 
can move why didn't they find stable positions and settle 
there long ago? 
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INVESTIGATION 10.2: Floating Blocks 
There appear to be some interesting relationships between 
the outlines of different continents. Are these relation- 
ships simply a coincidence, or is there a reason for them? 
Information which may lead to an understanding of the 
outlines comes from a wide variety of sources. The first 
of these is a study of floating objects. 
Materials (per team) 

Baking pan 

Wood blocks 

Centimeter rule 

Water 


Procedures 


A, Copy Figure 10.2 in your notebook? 


Height Depth 
OLaLoOp Of BOELOm 


Figure 10.2. 








Fraction 
Above Water 


Number 
of Blocks 





B. Add water to the baking pan to a depth of about 
5cem. Place one of the blocks in the water. 
Measure the distance from the surface of the water 
to.-the top and to the bottom of the block. Enter 
the data in your table. Remove the block. 


“ak 


CC. Form a stack of two blocks on your table or desk. 
Place the stack in the water. Repeat the measure- 
ments of Procedure B. Remove the blocks and 
record your measurements. Form stacks of three 
and then four blocks, placing each in the water, 
measuring and recording. 

Interpretations 

1. Why do you think wood is less dense than water? 

2 eecaiculates the: fraction, ofseach) stack oOfVblocks 


which remains above water and enter results in your table. 


35 


On the average, what fraction of floating wood 


remains above the water? 


4. 


Describe what you think would happen if the top- 


most of a stack of five floating blocks were removed. 


5s 


Describe what you think would happen if one 


additional block were placed on top of a single block 


floating in water. 


Procedures (continued) 


D. Form a stack of five blocks, and place it in the 
pan of water next to a single block. Remove the 
topmost of the five blocks and place it on the 
Single block. 

Interpretations 

6. What happened as Procedure D was performed? 
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7. Were your predictions made in Interpretations 


4 and 5.cornrrect? 
Procedures (continued) 


E. In your notebook make a sketch of a series of 
floating blocks. The view should be directly 
from the side. On the left show a stack of two 
blocks, next (touching it on the right) a single 
block, then four blocks and finally another 
Single block. Label the wood "less dense" and 


the water "more dense ;" 
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TEACHER , 
MATERIAL 


INVESTIGATION 10.2: Floating Blocks 
Materials 


Flat, relatively thin blocks of uniform size and 
density will work best. Fir or pine of about lcm x 9cm x 9cmn, 
sprayed with shellac to prevent waterlogging, is quite 
satisfactory. 

Any waterproof containers large enough to accommodate 
two or more blocks side by side may be used. The containers 


should also be deep enough to float a stack of five blocks. 
Procedures 
A.-C. No comment. 

Interpretations 

1. This can be concluded from the fact that the 
wood blocks float. If necessary, review the idea of 
density. 

2. Student responses will vary depending upon the 
exact nature of the wood used. The "Fraction Above Water" 
can be expressed as a decimal or as a fraction. Values of 
abouty.3 to .5 (173 to dy2) can bel expected. 

3. Student responses will vary. 

4, Student responses will vary. Be sure that students 


make predictions before proceeding to the next part of the 


investigation. 
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5. Student responses will vary. 

Procedures (continued) 

DeNOmCommentr 

Interpretations 

6. The remaining four blocks will rise until (after 

some oscillation)) the “correcthy fraction of the stour 
blocks is exposed above the surface. This investigation 
may interest some students in a study of floating objects 
and buoyancy, a fine subsidiary study. 

7. Student responses will vary. 

Procedures (continued) 

E. A typical response is shown in Figure T-10.3. 
Attention should be paid to the fraction of each 
stack which remains above the surface. This should 
be the average of the experimental results as 


expressed in Interpretation 2. 


Figure T-10.3. Typical Result. 


less dense surface of 
more dense 
material 


more dense 
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A MODEL FOR THE CRUST 


During the late 1700's the French scientist Bouguer, 
working in the Andes of South America, made some puzzling 
observations. A plumb bob, used to establish the straight- 
down direction for some survey work, did not behave 
"properly." Instead of pointing straight down, the plumb 
bob seemed to point slightly away from the mountains. 
Similar observations were made near another large mountain 
range, the Himalaya. 

What relationship could exist between floating blocks 
of wood and the behavior of a plumb bob? Everyday experience 
shows that all objects are attracted to the earth by 
gravity. The strength of this attraction to the earth is 
called the weight of an object. Carefully conducted 
investigations have shown that objects are not only 
avutractedsto thes earth but alsomto each other.» The 
strength of the attraction depends upon the closeness of 
the objects and the amount of material in each. 

Tisadsenots justeone: part) ofmthe: earth that® causes ‘the 
attraction; each part contributes. This is illustrated 


in Figure 10.3, in which the direction of a,/force is™shown 
plumb bob 


Pagure 10.3. 


Normal Gravitational 
Peli Gia ey Pacis) Bele, 


—— totaleffect straight down 


air 
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uniform rocks beneath surface 
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by the direction of an arrow, The strength of the force 
is indicated by the length of its arrow. The total effect 
of all bits of the earth is represented by the downward 
arrow beside the plumb bob. Note that for each force 
(such as A) that pulls the plumb bob to one side there is 
a balancing force (A') at the same distance on the other 
Side, Figure 10.3 represents a normal situation, in which 
there are no unusual bodies of rock above or below the 
surface. 

But suppose a large range of mountains is located to 
one side of the plumb bob. It might be expected that the 
extra material in the mountains would attract the plumb 
bob slightly and cause it to incline toward the mountains. 


This is illustrated in Pigure 004. 


Figure 10.4. Expected Result. 
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The actual effect, as noted by Bouguer and others, 
was that the plumb bob inclined away from the mountains. 
This effect is “illustrated in Figure 10.5. 






Figure 10.5. Actual Result. 


plumb bob inclines away from mountains! 


There seemed to be nothing on the surface of the 


earth which could account for this behavior. What about 
below the surface? What conditions there could cause the 
strange behavior of the plumb bob? IF the crust of the 
earth consisted of a layer of low density rocks over a more 
dense layer, and IF under a mountain range low density 
rocks extended deeper than elsewhere, the effect could be 


explained. These conditions are shown in Figure 10.6. 











Figure 10.6. An Explanation. 
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The low density rocks in and below the mountains pull the 
plumb bob weakly to the left. The more dense rocks under 
and to the right of the plumb, bobspull sstrongly sto athe 
right. As a result the plumb bob inclines slightly away 
from the mountains. 

Compare the sketch you prepared for Procedure E of 
the last investigation with Figure 10.6. Are there 
similarities? Is it possible to think of continents as 
floating on a more dense type of rock? Could mountains 
be thought of as having "roots" of low density rock? 
Would this way of thinking, this model, be consistent 
with other observations of the earth or only with observa- 
trons sof plumbebobs? 
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TEACHER 
MATERIAL 


A MODEL FOR THE CRUST 


The force due to gravitational attraction is described by 
the relationship F = GmM/r“, in which G is a constant, 

m and M the masses of the bodies involved, and r the 
distance of separation. Normally the attraction of two 
small objects for each other is masked by the far greater 
attraction of the earth for each of them. This results 
from the large mass of the earth. 

The ideas outlined in the student text are commonly 
referred to as "isostasy." Columns of material extending 
from the atmosphere to deep within the earth should be of 
equal mass if a condition of equilibrium exists. One 
column may be composed of a greater height of less dense 
material and another of a lesser height of more dense 
material, but their total masses should be the same. A 
column of greater mass will have a tendency to sink, 
thereby decreasing its height; a column of lesser mass will 
rise until equilibrium is attained. 

Gravimeters, devices which measure the intensity of 
the earth's gravitational field, have been highly refined 
and are an extremely useful tool in geophysics. The 
expected gravitational field is calculated for an area to 
be surveyed. The calculated intensity of the field is 
compared to measurements made with the gravimeter. Differences 
in the two values are referred to as "anomalies." Anomalies 
may represent ore bodies of high density, salt domes or 
other low density deposits, or deviations from isostatic 
balance. Less than normal gravitation is associated with 
areas of the crust which are rising, and higher gravity with 


areas of subsidence. 
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The question which closes the selection should not be 
answered directly at this time. Students will consider 
evidence for "floating" behavior of continents in the next 


selection. 


303 
OTHER EVIDENCE OF A CRUST 


The term "crust" refers to rocks and structures within 
about twenty miles of the surface of the earth. As you 
study earthquakes you will find reasons for thinking that 
beneath twenty miles the earth is sufficiently different 
to require a different term to describe it. 

The behavior of plumb bobs near mountain ranges has 
led to an interesting model for the structure of the crust 
of the earth. This behavior can be understood if the 
crust is thought of as a thin-layer of granitic rocks 
(thicker under mountains), underlain by more dense rocks. 
What other evidence supports this model? In the laboratory, 
the water represented a more dense material which surrounded 
and underlay the less dense material. Is there a corresponding 
material of high density surrounding and underlying the 
continents? 

As you recall, volcanoes which are active on the 
continents or near them may erupt rhyolite, a low density 
granitic material. Or they may erupt basalt, a rock of 
higher density. On the other hand, volcanoes such as 
those in Hawaii, which are far from any continent, erupt 
only the higher density rocks, never a low density rock 
such laschyoli te “Can. vyou Athink lor aystructuneyfor the 
crust of the earth which would be consistent with this 


observation? Look at Figure 10.7. A structure such as 


Figure 10.7. . Basaltic and 


Granitic Volcanoes. volcano on continent 
can erupt granitic 
or basaltic material 


oceanic volcano can 
erupt only basalt 






granitic rock 


IIE 


areas of molten rock basaltic rock 
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this would account for both types of lavas from continental 
volcanoes and the eruption of only basaltic lava from 
oceanic volcanoes. 

How could Figure 10.7 be modified to account for 
volcanoes such as Mt. Peldée which, though surrounded by 
ocean, erupt low density material? Figure 10.8 suggests 
a possibility. If this type of view is accepted, the 
developing model will be consistent with the evidence 


provided by volcanoes. 


Figure 10.8. A Granitic Island Volcano. 






granitic rock 


basaltic rock 


At this point it seems desirable to develop new, 
geologic definitions for ideas such as "ocean" and 
"continent." In the ordinary sense, continents end at the 
shoreline. A person who stands on a beach has land behind 
him and waves rolling in from a great expanse of salt 
water before him. He feels that he stands at the exact 
boundary between continent and ocean. But the nature of 
the rock beneath him does not change abruptly at this 
point. Hundreds of miles offshore there may be islands 
such as Martinique whose rocks are more continental 
(granitic) than oceanic in character. 

Numerous measurements of depths indicate that the 
oceans are relatively shallow around continents. The 


shallow water, several hundred feet in depth, may extend 
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outward for a few or a few hundred miles. This zone 
covered by shallow sea water is known as the "continental 
shelf." Beyond this there is generally a steep drop, 
known as the "continental slope," to depths of several 
thousand feet. It is here, at the continental slope, that 
oceans truly begin. 

None of the evidence presented thus far supports the 
idea that continents are floating. Perhaps they are solid 
granitic masses resting upon solid basalt. What evidence, 
if any, lends strength to the idea of granite floating on 
a non-rigid layer of basaltic material? 

When you added weight to a floating wood block in 
Investigation 10.2, the block sank deeper. A possible 
Similarity does occur as a crustal feature of the earth. 

A "geosyncline" is an area in which sediments have been 
deposited over a long period of time. In some of these 
areas sediments have accumulated to depths of ten miles. 
Does this mean that there was once an ocean 50,000 feet 
deep which was filled over a period of time? Probably not. 
Fossils in the sediments of a geosyncline often show that 
all of the rocks were deposited at depths of 1,000 feet or 
less. The suggestion is that as the sedimentary material 
accumulated the underlying rock sank slowly. The bottom 
surface of the column of sedimentary rocks thus became 
lower while the upper surface remained at a relatively 
Shallow depth. 

When you removed weight from the top of a stack of 
floating wood blocks the remainder of the stack rose. 

Some areas of the earth's crust are now rising, very 
rapidly as geologic processes go. In parts of Canada 

and in Scandinavia the rise has amounted to several hundred 
feet in the past few thousand years and is continuing at 
one or two meters per century. It is as if a great load 
had been removed suddenly Ecomuosnuge,, £Loating block: 


But what could have been extremely heavy and yet have been 
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removed so suddenly, much more quickly than the erosion of 
rock can proceed? The areas in which the rising occurs 
and the length of time involved may provide clues. 

Further evidence concerning the structure of the crust 
can be gained through a study of waves. Waves will be the 


next topic you will consider. 
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TEACHER 
MATERIAL 


OTHER EVIDENCE OF A CRUST 


The rising of large areas in Canada and in Scandinavia is 
a consequence of the melting of the ice caps of the last 
ice age. The weight of thousands of feet of glacial ice 
has apparently depressed these regions, With removal of 
the ice they are springing back. 

Students should not think that all uplift which is 
presently in progress is a result of the same cause. 
Erosional lowering of mountains may cause the mountainous 
areas to be lightened and give them a tendency to rise 
further. 

Forces associated with the leading edges of drifting 
continents are given as a mechanism for rising mountain 
chains in the selection on this subject at the end of this 
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INVESTIGATION 10.3: Studying Waves 


The deepest mines dug into the crust of the earth have 
allowed men to penetrate to about 10,000 feet beneath the 
surface. Drill holes, such as those made for oil wells, 
have produced samples of rock from more than twice that 
depth. Movements of the earth's crust have brought to the 
surface rocks which were once at depths of several miles. 
Volcanoes erupt lavas from considerable depths. Information 
about conditions at even greater depths can be gained from 

a study of waves. This investigation will provide you 

with information which will be useful in understanding 


how waves can provide such information. 


Materials (per team) 


Wire coat hanger 
Rubber bands 

Paper clips 

Five ceramic magnets 
Masking tape 


Scissors 
An S-Wave Machine 
Procedures 
A. Use wire-cutters to remove the handle of the hanger. 


Bend the hanger to the approximate shape shown in 


Figure 10.9, with the upright ends about 50cm apart. 


Figure 10.9. Frame for S-Wave Machine. 
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B. Cut and tie rubber bands to form a single strand 
of rubber about 60cm long when not stretched. 
Place large paper clips on the rubber strand 


about 5cm apart. 


Cc. Tie’ the’ends of the’strand ‘to’ thevends %of*the 
coat hanger as shown in Figure 10.10. Tension is 
correct when the middle of the strand sags about 
lem beneath the ends. Adjust the paper clips so 
that when they are not in motion they will remain 


approximately horizontal. 





Figure 10.10. S-Wave Machine. 


D. Allow the clips to come to rest. Stop each with 
a fingertip, if necessary. Tap down lightly on 
the> tip of amiend clip: 

Interpretations 


1. Describe the results of Procedure D. 


2. Was it possible to see something move away from 


the paper clip which was depressed (pushed down) ? 


Giape 
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Dele Sore wWiadt UCevou Enink at was? 

Procedures (continued) 

E. Allow the clips to come to rest. Focus your 
attention on the near end of one of the clips 
which is close to the center of the strand. 
Depress an end clip as in Procedure D. 

Interpretations 

4, Describe the behavior of the centrally located 

A P-Wave Machine 

Procedures (continued) 

F. Cut five pieces of masking tape approximately lcm 
by 5cm in size. Place them adhesive side up on 
your worktable about 2cm apart. Use-two strips 
of masking tape to hold the five original strips 


in place. 


G. Set a ceramic magnet in place on each of the five 


tape strips as shown in Figure 10.11. The magnets 





Figure 10.11. P-Wave Machine. 
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should be faced in such a way that each magnet 
repels the magnets next to it. Press the magnets 
firmly against the tape to hold them in position. 
CAUTION: Ceramic magnets may chip or crack if 


allowed, to."jump') together, 


H. With one finger tap the top edge of an end magnet 


toward the next adjacent magnet. 
Interpretations 
5. Describe the results of Procedure H. 
Procedures (continued) 


I. Focus your attention on the center magnet. Again 


strike an end magnet as in Procedure H. 

Interpretations 

6. Describe the behavior of the center magnet. 

Procedures (continued) 

J. Next set the machine into motion by striking an 
end magnet at right angles to the length of the 
machine. 

Interpretations 

7. Describe the results of Procedure J. 


8. In what ways are waves in the two machines similar? 


9. In what ways are they different? 
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Problems 


1. Can the S-wave machine transmit P-waves? 


SLT) 


TEACHER 
MATERIAL 


INVESTIGATION 10.3: Studying Waves 


There are two primary purposes to this investigation: 

to allow students to become familiar with waves, and to 
have them notice the differing abilities of the waves to 
pass through various media. 

Verbal descriptions and definitions of waves have 
shortcomings. They involve both terminology and concepts 
Which are likely to distract students from an understanding 
of what waves can do. Therefore a minimum of text material 
is provided for the students, and the amount of accompanying 
discussion is left to the discretion of the teacher. 

The S-wave machine demonstrates shear waves (sometimes 
called "transverse" waves), and the P-wave machine pressure 
waves (longitudinal waves). In each machine it is possible 
to observe the transmission of a pulse of energy through 
some sort of material. Each type of wave moves through 
its medium (material) causing a disturbance as it does so. 

As the wave passes, each paper clip or magnet is disturbed 
and then returns to its original position. The wave travels, 
but particles in the medium experience no permanent displace- 
ment. 

Although the names "S-wave" and "P-wave" are convenient 
reminders of the natures of these waves, the actual naming 
resulted from observations of arrival times of the waves 
at seismographs. Students will read about this in "Earthquakes." 

In the case of P-waves each magnet moves in a left-right 
direction as a wave travels from left to right. The particles 
are. loosely connected to each other, if at alll, and hence 
cannot transmit S-waves. Sound waves in air are of the 
pressure type. The particles involved are air molecules, 


which are not firmly connected to adjacent molecules. 
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In the case of S-waves, the motion of each particle 
is at right angles to the direction the wave itself is 
traveling. That is, as the wave travels from left to right 
the end of each paper clip moves up and down. In order 
for this to occur there must be a relatively firm connection 
between adjacent particles. 

It is essential that students notice that S-waves are 
incapable of traveling through the P-wave machine. The 
observation can be generalized to include all media which 
lack the firm connection between particles. In short, 
S-waves can pass only through solids; P-waves can travel 
through solids, liquids or gases. Be sure that these 
points have been made in your discussion or summary of the 
investigation. They will be needed for an understanding 
of evidence for a core, a topic included in the next 
reading selection. Openings for such a discussion are 
provided by Interpretation 7 and Problem l. 

In order to reduce the time required, you may wish 
half of your teams to construct one type of machine and 


half the other. Teams can then trade machines. 

Materials 

One or two pairs of heavy wire-cutters should be 
available to the class for cutting coat hangers. 

Three or four rubber bands, which will form single 
strands 1/2cm x 18cm when cut, will be needed by each team. 


Procedures 


A.,=-D. No comment. 
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Interpretations 

1. Student responses will vary. A wave will pass 
the length of the machine, "reflect" from the far end and 
return. In a short time the motion of the paper clips 


will become confused. 


2. Yes, something moved away from the paper clip 


which was depressed. 


3. Student responses will vary. A wave or pulse of 


energy moves, disturbing each paper clip in turn. 
Procedures (continued) 


E. The procedure is best observed when the machine is 


at eye level. 
Interpretations 


4, As the wave passes the end of the clip moves down 


and then back to its original position, 
Procedures (continued) 
F.-H. No comment. 
Interpretations 


5. Student responses will vary. A pulse moves the 


length of the machine but probably is not reflected. 
Procedures (continued) 


iN No comment. 
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Interpretations 
6. As the wave passes the magnet moves first in the 
direction the wave is moving and then returns to its 


original position. 


Procedures (continued) 


J. No comment. 
Interpretations 
7. This procedure might be expected to generate an 


S-wave, but the machine cannot transmit this sort of wave. 


8. Both waves move through the machines. In each 
case the individual parts of the machine are not permanently 


displaced. Students may think of additional similarities. 


9. The motion of the magnets is along the direction 
of the wave motion, whereas that of paper clips is per- 
pendicular to the direction of travel. Speeds of waves in 
the two machines are different. The S-wave is obviously 
reflected while the P-wave is not. This last observation 
is a characteristic of this particular machine and not of 
P-waves in general. In practice, both types of waves can 
be reflected. 


Problems 


1. Yes, P-waves will be transmitted by the S-wave 
machine. If the rubber band or a paper clip is pulled to 
one side the far end of the band is disturbed. Thus the 
S-wave machine can transmit either type of wave (though 
S-waves are more readily seen), but the P-wave machine can 


only transmit P-waves. 
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Students may notice that in a medium through which 
both types of waves may pass, the rates of travel are 
different. Thus, while an S-wave takes the better part of 
a second to travel the length of the rubber strand, a 


P-wave appears to cover the same distance almost "instantly." 
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EARTHQUAKES 


Shortly before midnight on February 29, 1960, a violent 
earthquake struck the city of Agadir, Morocco. Within 
minutes most buildings in the city had collapsed and a 
third of the city's population had died. See Figure 10.12. 

On September 1, 1923, the Sagami Bay region of Japan 
was jolted by one of the most disastrous earthquakes in 
history. Many buildings were destroyed by the shock itself, 
others by the 30-foot sea wave which was caused by the 
earthquake, and still more by fires which broke out in 
Tokyo and Yokohama. In all, 100,000 people were killed and 
as many injured. 

Fortunately, earthquakes such as these are rare. 


Many thousands of minor earthquakes occur each year, but 


on the average there is only one highly destructive one 





Fugure 10.12) Agadir: 
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each year. But is it necessary that disasters such as 
those in Morocco and in Japan occur at all, or can they be 
prevented? . 

As in most scientific developments, progress begins 
with a study of history. Historical records indicate areas 
of the world in which earthquakes have occurred most fre- 
quently. In these places special attention must be given 
to careful selection of building sites and proper construction 
of buildings. More and better instruments are being developed 
to measure the exact nature of the shaking that occurs during 
earthquakes. These in turn will provide still better records 
for use in the future, 

After major earthquakes have occurred, buildings are 
examined to determine what types of construction have 
resisted damage and what types are less resistant. Design 
of buildings changes as more information is gained. Certain 
types of soils have been found to be particularly dangerous 
to build on. Intelligent builders avoid such sites. 

In current studies attempts are being made to detect 
increasing strain in the earth before earthquakes actually 
happen. Through such studies the events preceding earth- 
quakes, as well as those during and following them, are 
being observed. At present, prediction or prevention of 
earthquakes seems.a long time off. But minimizing of 
the destructive effects of earthquakes can progress 
rapidly if people are willing to learn about earthquakes 
and act upon their knowledge. 

Distinct patterns can be recognized in maps showing 
the areas in which earthquakes are common. These patterns 
can now be related to large-scale structures of the earth. 
The locations of active earthquake zones and their signifi- 
cance will be considered in a later section. 

In addition to the infrequent, disastrous earthquakes, 
there are hundreds of thousands of minor earthquakes each 


year. Many of these can be felt by people and still others 
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Figure 10.13. Seismograph; left, pick-up; right, recorder. 


can be detected only by seismographs, instruments designed 
for that purpose. From these minor earthquakes information 
is gained which helps to build a more complete picture of 
the earth as a whole. See Figure 10.13. 

An earthquake occurs when rocks within the earth are 
strained beyond their breaking points. At the time of the 
break energy is released in the form of waves and travels 
away at speeds of five to fifteen kilometers per second. 

The speeds at which the waves travel depend upon the type 
of wave, material the wave travels through, and the pressure 
on the rock, that is, the depth of the rock. 

The fastest waves of an earthquake will reach a distant 
seismograph first. They are called P-waves from the Latin 
word primus, meaning "first." They are of the type you 
produced and observed in the P-wave machine of the last 
investigation. Some time later the seismograph will record 
the arrival of a second type of wave. These are S-waves 
(named for the Latin secundus, meaning "second") and are 
of the type produced in the S-wave machine. The greater 


the distance from the focus (the earthquake center) to 
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the seismograph the greater will be the difference in 
arrival times of the two waves. This difference in arrival 
times tells the distance from a seismographic station to 
the focus of the earthquake. Comparison of records from 
three or more stations establishes the location of the 
earthquake. Figure 10.14 shows arrival of P- and S-—waves 


as recorded on a seismogram. 
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Figure 10.14. Seismogram. 


One of the most important conclusions reached through 
study of seismograph records was made by A. Mohorovicic. 
He found that at short distances from an earthquake the 
first P-waves to reach a seismograph were those which had 
traveled directly from the disturbance to the instrument. 
See Figure 10.15. Beyond a certain distance, however, the 
first P-waves to arrive were those which had traveled a 


deeper path. In passing deeper these waves must have 


é : seismograph 
Figure 10.15. Direct Waves. cloeeute 
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reached a material through which their speed was greater. 
The higher speed more than made up for the greater distance 
traveled. See Figure 10.16. The increase in speed at 
depth was not a gradual one, but came quite suddenly 
suggesting a distinct change from one rock type to another. 
Mohorovicic calculated the depth of the speed increase, 

and other investigators have established that the speed 
increase occurs worldwide. The depth at which the speed 
increase occurs is now known as the "Moho," short for 
rMohorovicic Discontinuaty. | 


i h 
Figure 10.16. Seismic Waves and the Moho. fer trae 
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Above the Moho waves travel at speeds which suggest 
the rocks are primarily granitic, Or crust. Below the 
Moho the higher speeds suggest a more dense rock, similar 
to gabbro. The deeper part of the earth, beneath the Moho, 
is known as the "mantle." 

Furthermore, the depth of the Moho varies. Its usual 
depth under the continents is about 32km, but it dips as 


deep as 64km under mountain ranges. This agrees very 
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Figure 10-17) 4Present Siew or Crust. 


nicely with the evidence from plumb bobs which you considered 
in an earlier investigation. Under the oceans the Moho 
occurs within 5 or 6km of the surface, and the crust above 

it is basaltic. Whether the basaltic layer continues 

under the granitic continents has not been definitely 
determined. The present view of the crust is represented 
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Seismographic records of distant earthquakes show that 
P-waves can travel directly through the earth but that 
S-waves cannot. In fact, S-waves cannot penetrate deeper 
than 1800 miles, and at this depth P-waves are markedly 
refracted. Thus it appears that the earth has a "core," 


See Figure 10.18. 


As better seismographs are developed, as more seismo- 
graphic stations are set up, and as more records become 
available for study, knowledge of the structure of the 


earth will continue to increase. 
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Figure 10.18. Seismic Waves and the Earth's Core. 
Problems 


1. What does your knowledge of P- and S-waves tell 


you about the nature of the material of the core? 
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TEACHER 
MATERIAL 


EARTHQUAKES 


As will be brought out in the section on sea-floor spreading, 
most North American earthquakes center along the West Coast. 
Notable exceptions, such as the Missouri Valley and Charleston 
earthquakes, may be of interest to students who live in the 
areas which were affected by them. Interesting accounts 
of specific earthquakes may be found in numerous non-technical 
books on the subject. 

Disposal of liquid wastes in deep wells in Colorado 
has apparently triggered small earthquakes in this area. 
The implication is that the liquids provided lubrication 
and relieved stress. This has led to speculation that 
injection of lubricants into areas of known stress accumula- 
tion could relieve the developing stress in small increments. 
Thus large stress accumulations, which might result in 
disastrous earthquakes, could be avoided. At present such 
ideas are still in a speculative stage. 

Localization of earthquake foci depends on obtaining 
data from at least three seismographic stations. A circle 
is drawn around each station. Each circle's radius is the 
apparent distance of the disturbance as indicated by 
differences in arrival times of distinctive waves. The 
circles drawn around two stations will intersect at two 
pOLlmts, indicating «iwo possible: foci, The circle, around 
a third station will pass through and identify one of these 
two points. 

An analogy is possible between the discovery of 
Mohorovicic and driving between two points in a city. 
Over short distances the best time is made by following 


the shortest route. Beyond a certain distance, though, a 
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driver may save time by traveling the greater distance 
involved in following a highway on which greater speeds are 
possible. 

Of course, waves do not move out from an earthquake 
focus only along paths which reach seismographic stations 
(as may be implied by the figures). Waves travel many 
paths, only those reaching stations being shown in the 
diagrams. 

The argument for existence of a core has been 
Simplified considerably. Travel time curves for different 
types of waves can be confusing unless considerable time 
can be allotted to their study. The principle stated is 
valid, however. Beneath a depth of 1800 miles S-waves 


encounter a substance they cannot penetrate, 
Problems 
1. P-waves can travel through solids, liquids and 


gases. S-waves can pass only through solids. Therefore, 


the core appears to be non-solid, and most likely liquid. 


Sly 
INVESTIGATION 10.4: Magnetism in Rocks 


Information about the structure of the earth comes from 

a number of different types of observations. Measurements 
of gravity and recordings of earthquake waves are two of 
these. Another type of observation is made by studying 
the magnetic properties of rocks. 

Some rocks are strongly magnetic. For thousands of 
years people have known about lodestones, natural magnets. 
More recently it has been found that some sedimentary and 
volcanic rocks are weakly magnetic. At the time these 
rocks were formed certain minerals in them were lined up 
parallel to the earth's magnetic field. In a sense this 
is similar to the way in which a compass needle lines 
itself up. As the volcanic rocks cooled and the sedimentary 
rocks hardened, the magnetic minerals within them were 
"frozen" into position. Study of these rocks can provide 
information concerning the earth's magnetic field at past 


times. 
Materials (per team) 


Magnetic compass 
Paper cup 
Masking tape 
Ceramic magnet 


Fragment of magnetic "rock" 
Procedures 


A. Place the compass on your desk top or work table. 
Remove all metallic and magnetic objects from the 
area. Decide which is the north-seeking end of 
the compass needle. This end of the compass 
needle will be attracted by south poles of other 


magnets. 
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Use the compass to determine the north and south 
poles of the ceramic magnet. To identify the 
poles, write N and S on small pieces of masking 


tape placed on the magnet. 


Place the magnet on a blank page in your notebook. 
The magnet should be positioned so that its north 
and south poles are to left and right rather than 
on upper and lower sides. In your notebook, 

draw lines which show the position of the magnet. 
Label the north and south poles on the diagram. 
Draw a rough circle around the magnet at a distance 
of about 5cm. Place eight dots on the circle, 


spaced at equal intervals. 


Place the center of the compass directly over one 
of the dots. Note the direction of the compass 
needle. Lift the compass and draw an arrow through 
the dot on the paper. The head of the arrow should 
indicate the direction that the north end of the 
compass needle was pointing. Repeat the procedure 
with the other seven dots. Notice any patterns 
formed by the arrows and their relationship to 


north and south poles of the magnet. 


While other members of your team look away from 
the work area, one member of the team should 
place the ceramic magnet on the work surface in 
any stable position. No paper need be under the 
magnet. The paper cup should be placed over the 
magnet to hide it from view. The team members 
who originally looked away should now use the 
compass to determine the location and orientation 


of the magnet under the cup. 


Bel 


F. If necessary, repeat Procedure E until all members 
of your team can determine the orientation of a 
hidden magnet. 


G., Obtain a sample of magnetic "rock" from your 
teacher. Determine the direction of the magnetic 
Preldeinetne "rock. 


Interpretations 


1. What precautions should be observed in collecting 


samples of rock for magnetic analysis? 


2. What events or processes might change the orienta- 
tion of the magnetic field within a rock after the rock was 
formed? 
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TEACHER 
MATERIAL 


INVESTIGATION 10.4: Magnetism in Rocks 


Details for preparation of the magnetic "rock" are not 

given in the student text. It is suggested that the 
preparation be done as a demonstration. If the investigation 
can be scheduled to start on one day and be completed the 
next, students could perform Procedures A-E and observe 
preparation of the magnetic material during the first 

class period. The magnetic "rock" would then harden 


overnight and be ready for student use on the second day. 


Materials 


Patching plaster 

Plastic or glass container approximately 4" x 4" 
Ceramic magnet (to be crushed) 

6-8 ceramic, bar or alnico magnets 


Hammer or pliers 


Preparation of Magnetic "Rock" 


Set up a magnetic field by placing bar or other magnets 
around the container as shown in Figure T-10.4. Be sure 
that all magnets on one side have the same pole end toward 
the container, otherwise their fields will cancel and no 
field will be produced within the container. Ceramic and 
other magnets of low mass will stay aligned more easily if 
a nail or other iron object is placed across them on the 
side away from the container. Magnets are properly aligned 
when all the magnets in one bank tend to repel each other 
and magnets of one bank attract those on the opposite side 


of the container. 


3215 





Figure T-10.4. Preparation of Magnetic Rock. 


Pour about one centimeter of patching plaster, mixed 
with water to the consistency of sour cream, into the 
container. The mix should be thick enough to set up 
properly, yet thin enough so that magnet fragments sink 
LncCOel ters LVont lv: 

Place a ceramic magnet in an envelope (or wrap it in 
paper). Tap with a hammer or crush with pliers to produce 
fragments 1 to 3cm in length. The fragments will have a 
tendency to adhere to each other. 

Drop small pinches of fragments into the plaster from 
a height of six to eight inches. If the plaster is of the 
right consistency the fragments will have sufficient 
mobility to align themselves in the field but not enough 
to migrate and clump together. The surface of the plaster 
should be fairly well covered with fragments. 

After about an hour the plaster will have set. The 
field magnets can be removed and visible magnet fragments 
covered with plaster from a freshly mixed batch. The 


entire "rock" should be allowed to harden overnight. It 
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can then be removed from its container and cracked into 

sections of 2 to 3cm on a side for distribution to students. 
Various problems can be devised by placing the container 

diagonally across the field, or by tilting the magnets so 

the field in the rock is not horizontal. You may wish to 

have the students note the orientation of the "rock" as it 

is positioned on your desk and then express the relationship 

of its field to the earth's magnetic field. Notice the 


comments relating to Interpretation l. 
Procedures 
A.-C. No comment. 


D. A typical response is shown in Figure Ta10.5: 


Figure T-10.5. Compass Directions. 
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E.-G. No comment. 


Interpretations 
1. Some rocks are inspected in place, in the field, 
with portable "magnetometers." If a specimen is to be 


removed to a laboratory the orientation of the specimen 
relative to the present field of the earth should be noted. 
Specimens should not be subjected to magnetic or electrical 
fields which might change their properties. The areas in 
which specimens are collected should be examined for evidence 


of crustal movement since formation of the rock. 


2. Lightning strikes will change the orientation of 
magnetic fields within rocks. Rocks may be metamorphosed 


by younger flows of volcanic rocks. 





B22 


INVESTIGATION 10.5: Drifting Poles 


In Investigation 10.4 you saw how the direction of the 


earth's magnetic field at some past time might have been 


recorded in certain rocks and the way in which that 


direction can now be determined. In this investigation 


the movement of continents will be used as a model for 


describing changing locations of the earth's magnetic 


poles. 


Materials (per team) 


Quadrille paper 
PEOELACEOG 


Straight edge 


Procedures 


Ee 


In order to describe directions and locations it 
will first be necessary to establish reference 
points andvdirections.  ‘To*dogthis, splace ascot 
on the intersection of two ruled lines near the 
lower left corner of a sheet of quadrille paper. 
Label this dot "R." It will serve as a reference 
point for locations. Vertical lines on the paper 
will serve as the reference direction from which 
to measure azimuths. (Review Investigation 1.6 
if you do not remember the meaning of the word 


Nazdimuth es) 


Refer to Figure 10.19. In this table the present 
location of “Continent A" is+ given as (rights, 
up 3." Place a dot labeled A at the intersection 
which is 4 squares to the right of and 3 squares 
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up from point R. In similar fashion place dots 
to represent present locations of "continents" 
BoandgeGc: 


Figure 10.19. Chart: Continents. 


Azimuth of Location 
Time Continent North Pole Right Up 


als” 4 3 


243° oy os 
174 cl) 36 


Present 


oO 
pa 
Zoe 
192 
on 
264 
D161 


2555 
2610 
233 


Ww 


C. Figure 10.19 also states that the present azimuth 
of the Magnetic North Pole from A is 35°, Place 
the protractor with its index mark over point A 
On your paper?’ At an angle of 35 measured 
clockwise from the up direction draw a light 
pencil line extending out approximately 15cm 
from point A. Draw similar lines from points B 
and C using the azimuth given for each in the 
table. 


Interpretations 


1. The three lines drawn in Procedure C should form 
a small triangle near their intersections. Express this 
location in terms of numbers of squares right and up from 
Re 
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Procedures (continued) 


D. The numbers in Figure 10.19 labeled "Azimuth of 
North Pole" and "Time 2" refer to an earlier 
period of time than the present. Plot these 


azimuths (iightly) "from polntcs A, Bland Cc. 

Interpretations 

2. Describe the results of Procedure D. 

Procedures (continued) 

E. It seems likely that the pole has shifted since 
time 2, but the nature of the shift is not clear. 
Assume that locations of "Continent A" and 
"Continent B," represented by points A and B, 
have not changed but that the location of C may 
have. Place a dot labeled "C2" (referring to 
the Location cof point C -atstime’2) at slecation 
right 15, up 36. From this point draw in the line 
showing azimuth 192°; 

Interpretations 

3. Describe the results of Procedure E,. 


Procedures (continued) 


F, On your paper plot azimuths corresponding to 


time 3 aS Given in Figure 10.19, 
Interpretations 


4. What location for the pole at time 3 is indicated 


by azimuths from points A and B? 


Bas 


5. Does an azimuth of 216° from jfoplinhe (2 Cys! Garetelal 


point C2gpassttehrough this location? 


time 


Procedures (continued) 


G. Hold a straight edge on the line of azimuth 216° 
drawn from point C2. Move the straight edge slowly 
to the right keeping it parallel to the line of 
azimuth Dae Continue to move the straight edge 
until it passes through the location of the pole 
at time 3. (This is the point described in 


Interpretation 4.) 
Interpretations 


6. What might have been the location of Point C at 
32 


Procedures (continued) 


H. Locate the position of the pole at time 4 by 
plotting azimuths from points A and B. Determine 


a possible location for Point C at time 4. 


Interpretations 


7. What might have been the location of Point C 


at time 4? 


8. What assumptions, if any, did you make in determining 


the location for Point € at time 4? 
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TEACHER 
MATERIAL 


INVESTIGATION 10.5: Drifting Poles 


The techniques of paleomagnetic study reveal the direction 
of the magnetic pole from different localities in times 
past. From these studies it appears that the location of 
the poles is not fixed, but changes. The history of the 
location of the north magnetic pole as recorded in the 
rocks of one continent, say North America, conflicts with 
the history as expressed in the rocks of other continents. 
The apparent paths of the pole, as perceived from different 
viewpoints, can be resolved into a single path if it is 
assumed the continents have been moving relative to each 


other during the time the pole has moved. 


Materials 


The quadrille paper should be of the type ruled four 


Squares per inch, 
Procedures 
A.-C. No comment. 
Interpretations 
1. The triangle is located at about: right 15, up 19. 
In using this method the size of the triangle indicates 


the accuracy of the work, smaller triangles corresponding 


to smaller amounts of probable error. 


Procedures (continued) 


DS Figuresl=-10-6 shows a typical result of “this 
procedure. The solid lines represent the process 
of Procedures A-D. The dashed line will be 


changed in Procedure E. 


Figure T-10.6. Typical Result. 
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Interpretations 


2. A large triangle is formed. The result is 
inconclusive. If students do not realize that a problem 


exists, refer them back to Investigations 3.1 and 3.2. 
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Sighting to an object from two different locations should 
establish its position. In this case, “Sighting Wsthempole 
from A and Bigives night 12, up 2Zlvas the location of she 
poley  eSighting from sAvand uC. Givese rion 8) pel sand 
signting -from.B sand: Gaogives right aLO. UpeZ0 ores ls 


Something must be wrong. 
Procedures (continued) 


E. Assuming that A and B have remained fixed simplifies 
the problem. In actuality, only the azimuths (past 
and present) and the present locations of continents 
would be known. An entire series of possible 
former positions of continents would develop. 

The most acceptable solution would be that which 
best agreed with other lines of evidence concerning 


past locations of continents. 
Interpretations 


3. A small triangle is formed in the Vicinity oF 
rauike lao) MAR, ible Palys 


Procedures (continued) 


F. The azimuth from point C may be drawn from location 
C or from location C2. In neither case will the 
line intersect the location as determined by 


azimuths drawn from points A and B. 
Interpretations 
4, The azimuth lines intersect at I], ae 


5. No, azimuths of 216° from points C and C2 do not 
pass through this point. 


325d 

Procedures (continued) 
G. No comment. 
Interpretations 
6. Point C may have been located at R17, U36 at time 3. 
Procedures (continued) 
H. Azimuth lines from points A and B intersect in the 

vicinity of R2, U21. Procedure G may be repeated 


to locate point C4. See Figure T-10.7. 


Figure T-10.7. Completed Problem. 
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Interpretations 


7. Point C may have been at R22, U36 at time 4. 


8. Assumptions were: 
that points A and B had not moved; 
that the intersection of azimuths from A and B 
indicated the proper location for the pole; 


that C was located somewhere on line U36. 
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INVESTIGATION 10.6: An Unusual Substance 


Various types of evidence suggest that the earth is not 
rigid at depths of 64 to 250km. Large areas of the earth's 
surface can apparently move slowly up or down as loads are 
applied to them or removed. The continents give the 
appearance of having changed their locations, Such occurrences 
are not consistent with the idea of a completely rigid 
material underlying the crust. And yet waves of the shear 
type can pass through this zone. (From your study of 

waves you should remember that shear waves cannot pass 
through fluids.) Some earthquakes even originate in this 
ZOne Of LOWeragldLiy, 

Thus the material underlying the crust has’ some 
properties which are associated with solids and others 
which are associated with liquids. Materials with these 
characteristics are not common, but they do exist. In 


this investigation you will prepare such a substance. 
Materials (per team) 


Cornstarch (one rounded tablespoonful) 
Water 

Shallow dish or saucer 

Spoon or nail 


Small pieces of metal, plastic and wood 


Procedures 


A. Place the cornstarch in a dish or other container. 
Add water, a very little at a time. Stir thoroughly 
after each addition of water. Continue adding water 


and stirring until a very thick paste is produced. 
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Interpretations 
1. Describe the appearance of the cornstarch paste. 
Procedures (continued) 
B. Remove a small amount of the paste from the cup. 

This material may be handled safely or placed on 

hard, washable surfaces. Break a small bit of 

the material and observe the freshly broken surface. 


Interpretations 


2. Describe the appearance of the freshly broken 


surface. 


3. Describe the appearance of the surface five or ten 


seconds after it has been broken, 

Procedures (continued) 

C. Test the paste with small pieces of wood, plastic 
and metal. Note which substances float and which 
Sink. 

Interpretations 

4. Which substances float on the paste? 

5. Which substances will not float on the paste? 


Procedures (continued) 


D. Attempt to slide a floating object over the top 
of the paste, first slowly and then rapidly. 
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Interpretations 


6. Can a floating object be moved slowly over the 


cornstarch paste without disturbing the surface? 


7. What happens when the object is pushed rapidly? 


8. In what ways does the paste resemble a liquid? 


9. In what ways does the paste resemble a solid? 


10. Do you think shear waves could pass through corn- 
starch paste? 
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TEACHER 
MATERIAL 


INVESTIGATION 10.6: An Unusual Substance 


Substances are often thought of as being either solid, 
liquid or gaseous. The dividing line between solids and 
liquids, at least, is not clear cut. A number of materials, 
cornstarch paste and paraffin among them, will exhibit 
some of the properties usually associated with solids and 
some of those associated with liquids. Such materials are 
rigid enough to pass shear waves or even to break, if 
stresses are sufficiently high, but will flow if given 
time. It is hoped that students who have observed this 
association of properties in cornstarch paste will be 

able to imagine similar properties in rock under great 


pressure, 


Materials 


Kingsford's brand cornstarch is suitable for use 
in this investigation. It is available in most markets. 

A one pound package contains more than 30 rounded table- 
spoonsful. 

Shallow dishes are better than cups for observing the 
Paste, DULepracCtically. any container will do. If necessary 
the paste can be mixed in plastic or paper cups. 

- Any washable or disposable objects, such as coins, 
keys or erasers, may be tested. 

The spoons should be of metal or of sturdy plastic. 


Iron nails may be substituted for stirring rods. Glass 


stirring rods should not be used. 
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such 


Procedures 

A. Approximately two tablespoonsful of water will 
make a mix of correct consistency when added to 
one rounded tablespoonful of powdered starch. 


Interpretations 


1. The undisturbed paste presents a glossy appearance 


as is usually associated with liquids. 


Procedures (continued) 


B. No comment, 


Interpretations 


2. A freshly broken surface has a grainy appearance. 


3. The surface quickly resumes a smooth, glossy 


appearance. 


Procedures (continued) 


Cé No comment. 


Interpretations 


4, Responses will vary according to the materials 


tested. 


5. Responses will vary. 
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Procedures (continued) 
Dy No “comment. 
Interpretations 


6. Yes, a floating object can be moved slowly without 
breaking the surface of the paste. 


7. If the same floating object is pushed rapidly the 
paste "breaks." 


8. The paste resembles a liquid with its glossy 
Sumtace, sability to flow, and ability to support floating 
objects. 


9. Pieces of the paste will remain rigid for short 


times and will break in a manner suggesting solids. 


10. Student responses will vary. The paste probably 
would transmit shear waves. Encourage experimentation on 
this point. A long, thin bar of paste might be laid out 
on the work surface. Quick, sideways forces applied to 


this bar will be transmitted through its length. 
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SEA-FLOOR SPREADING 


The geology of ocean floors is quite different from that of 
continents. You are already familiar with the difference 
in composition between types of rocks which are typical of 
the two. Most rocks of the continents are granitic, those 
of the ocean basins basaltic. What other differences 
exist? 

The ages of older continental rocks must be expressed 
in hundreds of millions of years. The very oldest rocks 
are known to be several billion years old. By contrast, 
the oldest sedimentary rocks from ocean floors seem to be 
only 150 million years old. Most are only half that age, 
or less. At the time the oldest ocean bottom sediments 
were being deposited there were dinosaurs on the land, 
coal beds had been deposited, and successions of mountain 
ranges had long since risen and been eroded away. Perhaps 
the search of ocean floors has not been thorough enough, 
However, there is other evidence for believing the ocean 
floors are relatively young. 

Much of the Atlantic Ocean floor lies beneath 4,000 
to 6,000 meters of sea water. But near the center of the 
Atlantic lies a nearly continuous range of mountains, the 
Mid-Atlantic Ridge. At points along the ridge, mountain 
tops project above the surface forming islands: Surtsey, 
the Azores, Ascension, and others. Throughout much of its 
length the ridge rises one or two thousand meters above the 
floor and is several hundred kilometers wide. 

Just by itself the Mid-Atlantic Ridge would stand as 
one of the major geologic features of the earth. However, 
it is but one branch of a continuous range of undersea 
mountains 60,000 kilometers long. By comparison, the 
mountain ranges of the continents seem short and insignificant. 
What else about the Mid-Atlantic Ridge is remarkable? 
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For one thing, its course follows a winding path, 


remaining almost equally distant from the continents to 


the east and west of it. The ridge is offset by numerous 


faults, 


fractures in the crust, which are perpendicular 


to the trend of the ridge. 


Along the crest of the ridge runs a "rift" valley. 


This valley gives the appearance of having been formed by 


tension, 


as if the sides of the range had been pulled apart 


and the center of the ridge had collapsed. See Figure 10.20. 
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Figure 10.20. Ridge and Rift Valley. 


The ridge is composed of flows of basaltic rock which 


have been 


The 
the 
the 
the 


£lows 
crest 


crest 


ridge. 


erupted from near the central rift of the ridge. 
lie in symmetrical pairs of bands which parallel 
of the ridge. The youngest flows lie close to 
of the ridge and the oldest ones farthest from 


Matching pairs of these flows show similar 


magnetic properties. See Figure 10.21. 


As you now know, the direction of the earth's magnetic 


field can be frozen into a rock at the time the rock is 


formed. 


One of the most surprising things which has been 


= 


faults 
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learned from the study of magnetism in ancient rocks is 
that the direction of the earth's magnetic field occasionally 
reverses direction. 

The changes in direction of the earth's magnetic field 
have occurred nearly 200 times since the latter part of 
the Mesozoic Era. As shown in the magnetic fields of the 
rocks, the earth's field has remained in its "normal" 
direction (the direction it now points) for up to two or 


three million years. Then it changes to a "reversed" 


oS Li) Lif 
Is il 
ZZ fy 
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reverse 


Figure 10.21. Normal and Reverse Magnetic Fields. 


direction. The change from normal to reversed field takes 
place in relatively little time. During a period of 
reversed field compass needles would point away from the 
north magnetic pole. 

The entire structure of the Atlantic Ocean is consistent 
with the idea of eastern and western parts of the sea 
floor being pulled away from each other. As this occurs 
the central part of the ridge collapses to produce the 
rift. Basaltic lava rises up through cracks which are 


caused by the tension and builds up the ridge itself. 
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Faults which are perpendicular to the ridge result from 
spreading occurring at different times or at different 
rates along the ridge. 

Comparing the patterns of magnetic reversal in bands 
of basalt makes it possible to identify flows which occurred 
at the same time and then were separated by the spreading. 
Measurements of the ages of these bands and the distances 
between them show that spreading goes on at 1 to 10cm per 


year. See Figure 10.22. 
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Figure 10.22. Rate of Spreading. 


If the spreading has gone on at a fairly regular 
rate (and it appears to have done so), the Atlantic Ocean 
is only about 150 million years old. This would account 
for the absence of rocks of greater age than that. 

The Mid-Atlantic Ridge and other ocean ridges seem 
to mark the trailing edges of about ten large "plates." 
A plate is roughly the size of a continent. It includes 
crust, both continental and sea floor, and a certain amount 
of the underlying mantle rock. Beneath the plates, ata 
depth of about 64 to 250 kilometers, the mantle rock is 
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apparently less rigid. This lack of rigidity is suggested 
by the observation that earthquake waves travel more slowly 
at this depth than they do at greater or lesser depths. 
As a plate moves horizontally more material is added to 
its trailing edge by basalt flows from the ocean ridges. 
See Figure 10.23. 

What occurs at the leading edge of a plate? Three 


possible situations will be mentioned. 
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PigureslO.25. A Plate. 


Along the western (leading) edge of the South American 
plate is a deep trench in the sea floor. The trench is 
1900km long and its bottom is 8000m beneath sea level. 

This makes the water over it more than twice as deep as 

the average depth of the Pacific Ocean. Extending downward 
and to the east from the trench is a fault zone. Along 
this zone crustal material is plunging downward into the 
mantle, as shown in Figure 10.24. The denser parts of the 
crust are probably being melted into more mantle rock. The 


less dense rock tends to "float," and in doing so adds 
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extra thickness (the Andes Mountains) to the granitic 
crust. It is hardly surprising that with such events in 
progress the western edge of South America has numerous 


volcanoes and frequently experiences earthquakes. 
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Figure 10.24. Movement of the South American Plate. 


A somewhat different situation occurs along the 
western edge of North America. The North American plate 
has already ridden over a trench similar to the trench 
west of South America. The next plate to the west is moving 
north relative to the North American plate. The boundary 
between the two is represented by the San Andreas Fault. 
This fault separates Baja California from Mexico and parts 
of the California Coast from the bulk of the North American 
plate. As in the case of South America, a zone of mountain 
ranges, volcanoes, and of frequent earthquakes marks the 
leading edge of the plate. 

Figure 10.25 shows the Mid-Atlantic Ridge at the 


trailing edges of the American plates. Trenches are 
shown as dotted lines, and earthquake locations as small dots. 
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The third example to be mentioned is that of India. 
The plate which includes India moves north and is in 
collision with the plate of continental Asia. The line of 
collision is marked by the great Himalayan mountain range. 
The Indian plate seems to be "diving under" the Asian 
plate, resulting in a crust of more than normal thickness. 

Using the various lines of evidence you have considered, 
the paths of the plates can be projected back in time. At 
the beginning of the Mesozoic Era all continents appear to 
have been assembled in one or two "Supercontinents." Shortly 
thereafter the breaking-up process began, and the continents 
have since moved to their present locations. 

It can be expected that details of the movements of 
the plates will be worked out as more observations are 
made. Some major problems must yet be solved. One of 
these is the nature and origin of forces large enough to 
be moving the plates. Assuming that this problem is 
resolved, there will still be more work to do. The break-up 
of the "Supercontinent" appears to have begun only after 
95% of the time since formation of the earth had gone past. 
Did the continents move during the greater part of Barth 
history? What dimly preserved evidence will lead to tracing 
their paths? 


BN = oF a 


Figure 10.25. 
The American Plates and 


the Mid-Atlantic Ridge. 
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FOR FURTHER ACTIVITY 


Prepare a scale diagram showing the structure of part of 
the earth. . In thevsketch usera scale) of: Imm to) represent 
en. Start by drawing a horizontal line to represent sea 
level. 

Since the average height of the North American land 
surface is less than 1lkm above sea level, you should represent 
it with an irregular horizontal line less than 1mm above 
the sea level line. The Moho lies at a depth of about 
32km. It should be represented by a line 32mm beneath the 
surface. The summit of the highest mountain in North 
America, Mt. McKinley, is 6km above sea level. This height 
in the sketch should be 6mm. 

Working to the same scale, represent the depth of the 
Moho under mountains (64km), the average depth of oceans 
(4km), the depth of an ocean trench (8km), the non-rigid 
zone, the boundary between mantle and core, the width of a 


plate, and other large-scale features of the earth. 
Problems 


1. Why do you think that diagrams showing the structure 


of the earth are not always drawn to scale? 


2. Near the end of Section Nine it was stated that 
India showed signs of having been glaciated during the 
Permian period. How might the idea of drifting continents 
account for the fact that India was glaciated but that its 


surroundings were not? 
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TEACHER 
MATERIAL 


FORSEURTHER ACTIVITY 


Students who attempt this activity may be surprised by the 
fact that their sketches, even to this scale (1,000,000 to 1), 
soon run off the page. You may wish to have students prepare 
a classroom sketch on butcher paper. This sketch would show 
the surface-to-center distance of 6400km as 6.4m. The core- 
mantle boundary would occur at a depth of 2.9m. The non- 
rigid zone would appear at depths ranging from 64 to 250mm, 
The width of a plate, from mid Atlantic to West Coast 

would be about 5.5 to 6m. Students could then place their 
detailed surface diagrams against the classroom sketch in 
order to gain some idea of the perspective of the features 


they have been considering. 


Problems 


1. If a sketch were made to scale and of such a size 
that the width of a plate could be represented on a page, 
the crust would be compressed into a band a few millimeters 
thick, and detail would be lost. 


2. Current thinking suggests that Antarctica has 
occupied its present location at least since Permian time. 
At that time India (as well as Africa and South America) 
were contiguous to Antarctica. Since then, each has 
drifted to its present location. Thus India was not 
surrounded by its present neighbors at the time of the 


glaciation. 
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THESPUTURE OF DRIFT 


Some of the models which you have developed. while using 

this book are not likely to change greatly. As an example, 
the earth-sun model of Sections One and Two has been in use 
for several hundred years. During this time it has occasion- 
ally needed minor adjustments to make it agree with new 
observations, but the major features of the model have not 
changed. The model has been so useful in explaining so 
Many sooservations that it is difficult to think of the 

solar system without thinking of this model. Its widespread 
acceptance should be based only on its usefulness and not 
partly on the fact that it has been in existence for many 
years and has been written about in many books. No model 
should ever become so deeply rooted that no one bothers to 
LOOKma cw oUMCE hercally, 

On the other hand, some models which you have studied 
are almost certain to change. The idea of continental 
drift is one of these. During the next few years you can 
expect to see many newspaper and magazine articles about 
the subject. Different rates of drift, different paths 
for the continents, different starting positions, new evidence 
supporting drift, new problems concerning energy sources 
all these and others will appear. 

Magazines and newspapers can be printed and distributed 
rapidly. For this reason they are better sources of infor- 
mation about late developments along the frontiers of earth 
science than are textbooks. Textbooks have their place. 
From them you can find out what problems exist and learn 
the histories of attempts to solve the problems. With the 
addition of up-to-the-minute information from periodicals 
you will be able to follow the growth and development of 


knowledge, of models, and of science itself. 
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Section Eleven: 


Earth, Sea and Air 


PREV LEW 


The various disciplines that make up earth science are not 
separate and distinct entities. The purpose of this short 
section is to provide students with opportunities for 
recognizing overlaps and interrelationships between the 
disciplines. 

Using climate as a unifying thread, it is shown that 
the phenomena that have been studied form an intricate 
mesh of interactions. These interactions have produced 
the earth they now view and will continue to produce 
change in the future. 

Throughout the section encourage students to look for 
such relationships, not only of climate and geology or of 
climate and paleontology, but also of landscape and paleon- 
tology, of weather and earth-sun relationships, and others. 

Insofar as climate itself is concerned, the principles 
which are brought out here are generally illustrated by 
examples which are not taken from North America. Work with 
the students in developing a recognition of what their 
local climate is and the factors which influence it. 

Mereadinc, selection draws to the students’ attention the fact 
that boundaries may be indistinct. This is followed by a dis- 


cussion and problem set dealing with averages. 





S3ivic 


In Section Three students anvestigated the tes tsceeror asi pee 
earth on the length of daylight imecrrterent Uaier tid eames ie mia 


Section Six the length of day was related to ocean temperatures. 





A further reason for the relationship between latitude and 
temperature is shown in Investigation Li.1, in wiser anele=or 


incidence is studied. 





Investigation 11.2 (Heat Balance) *sursucs jige_ fdea Bhat 
over a period of time--heat added to the earth equals heat lost 


by £t, but that local and temporary changes Hm corel veneroy 





account for variations im temperacure. 
In Sections Six and Bight 1tewas=sudgested) Charwolobaliwwaces 
and air circulation patterns were affected by rotation of the 


earth. The basis for the effect is taken up.in Investigation 11.3. 





This investigation also provides evidencesfon vote bi Gngosgmne 





earth on its.<axis, a tact thagiwas psimp lyse ssumecia bet hiereaa wy 
Dalises On sEhiee Couase 

Landscape and Climate, a reading selection. sug¢@eseaiae ra 
tionships between the .topies considered 1g Seckuome Nike fend Ten 


amc ine Cisteiclotheion out Climeaces Om CAS eGerch. 





ihe efteec,.oF .OCeams, om climate .-luimt ed Sit eCE Lome so cmord 


Eight, is described in Oceans and ;Climate. 





The secuion concludes with 2 Giscuss1 On got uee me mGcor ual mag 
nature of change on earth, a concept suggested by various evidence 


presented throughout, the Coucse 
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Section Eleven: 


Earth, Sea and Air 


CROSSING BOUNDARIES 


Some boundaries are very sharply drawn. There are places 
where a person can stand with both feet in the United States, 
take a single step, and be completely in Canada. Other 
boundaries are less distinct. 

PlOridasas noted for its mild winters, “in the Yukon 
Territory, winters tend to be quite cold. There is no 
Sharp line dividing areas of mild winters from those of 
cold winters. 

A person who was interested in describing winter 
conditions in different regions might decide to simplify 
matters. Instead of trying to draw a sharp line between 
cold and mild regions he might set up a new classification, 
a zone in which winters are "moderate." Then there would 
be no need for a line separating cold from mild. The 
original problem would be solved, but there would be two 
new ones to take its place. Where should the boundaries 
be drawn between cold and moderate, between moderate and 
mild? Perhaps you can see that the problem has no complete 
solution. There is no limit to the number of boundary lines 
which might be drawn, each requiring a new decision as to 


location. 
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The fact that distinct boundaries cannot be drawn 
should not be taken to mean that there are no differences 
between two areas. The problem arises only if someone 
attempts to draw a sharp boundary where one cannot be 
drawn, 

What about different areas of science? Are there 
distinct boundaries between them? At first there may seem 
to be. What could be more different than biology, a study 
of living things, and geology, =the study of “rocks -sy suc 
some rocks, such as limestone and coal, are the result of 
biological processes and some trees grow only in soils 
derived from specific types of rock. 

In this course you have considered various areas of 
earth science. Perhaps you have noticed that the boundaries 
between areas of study were not sharply drawn, that there 
were overlaps between them. The study of astronomy overlaps 
the study of geology. Studies of weather and of fossils 
overlap. 

New names have been applied to areas in which it was 
difficult to find distinct boundaries. Geophysics is a 
term used to describe the area in which the boundary between 
geology and physics (the study of waves, forces, etc.) is 
not sharp. 

In this section you will consider a new topic, climate. 
An attempt will be made to show that this topic is really 
not separate and distinct from other subjects you have 
considered. .You may ‘find it interesting to look for relation-= 
ships between each of the topics of this course. Perhaps 
by doing so you will recognize some of the relationships 
and interactions between things and processes which are 


normally considered distinct areas of study. 


3h0a 


TEACHER 
MATERIAL _ 


CROSSING BOUNDARIES 


The various disciplines that make up earth science are not 
separate and distinct entities. The purpose of this short 
section is to provide students with opportunities for 
recognizing overlaps and interrelationships between the 
disciplines. 

Using climate as a unifying thread, it is shown that 
the phenomena that have been studied form an intricate 
mesh of interactions. These interactions have produced 
the earth they now view and will continue to produce 
change in the future. 

Throughout the section encourage students to look for 
such relationships, not only of climate and geology or of 
climate and paleontology, but also of landscape and paleon- 
tology, of weather and earth-sun relationships, and others. 

Insofar as climate itself is concerned, the principles 
which are brought out here are generally illustrated by 
examples which are not taken from North America. Work with 
the students in developing a recognition of what their 


local climate 2S and the factors which iantluence it. 
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AVERAGES 


Climate is sometimes defined as the "average" weather for 
some particular place. This is a useful definition, but 
you should be aware of some of the problems involved in 
using averages. 

St. Louis, Missouri, and "City Q" both have the same 
average year-round temperature, not Re! In each case the 
yearly average has been found by adding up average daily 
temperatures throughout the year and dividing by the number 
of days ina year. Perhaps you can see how two entirely 
different patterns of temperatures could both result in the 
Same average temperature, 

The difference between temperatures during the hottest 
and coldest months in st. Louis is 26°C. In City Ofthe 
difference is only .4°c, Thus the averages alone do not 
give an accurate idea of temperatures to be expected. 
Numbers such as .4°C and 26°C are known as "ranges." They 
are often given when averages are stated and are very useful 


in helping to understand what the average means. 
Problems 


1. An observer measures the wind speed each afternoon 
at the same time for 30 days. He then adds the daily 
readings and divides the total by 30. He finds an average 
wind speed of 10mph. Describe two sets of observations, 
representing very different conditions, which might have 


led to the 10mph average. 


2. What "range" of wind speeds would be associated 


with each set of observations you described for Problem 1? 
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TEACHER 
MATERIAL 


AVERAGES 


Encourage speculation about the location of "City 90." 
(Actually, -City Q.2s' OQuatko (Ecuador Anlocated atwless (than 

i south latitude and at 9300 feet elevation.) Following 
their work on the effect of the angle of incidence, students 
will be asked what effect latitude might have on the climate 
of City Q. Following "Landscape and Climate," students will 
be asked how altitude might contribute to the small range 

of temperatures. 

Throughout this section, temperature ranges are given 
as differences between average temperatures for the warmest 
and coldest months. You may wish to ask students what the 
effect would be of expressing the ranges in terms of 
difference between warmest and coldest days of the year. 

If they have understood the selection about averages, they 
should recognize that such a manner of expressing ranges 
would result in the ranges being greater than the ranges 
between average temperatures of hottest and coldest months. 

The hottest day in the warmest month is certain to 
have a higher temperature than the average for the month. 
The coldest day of the coldest month will similarly be 
colder than the average temperature for that month. Thus 
the range between warmest day and coldest day will be 
greater than the range between average temperature of the 


warmest month and average temperature of the coldest month. 
Problems 


1. A variety of responses is possible. The greater 
the number of situations which can be described, the greater 
will be the emphasis on the inability of averages to tell 


the entire story. Extreme cases would be: 
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a. Zero mph measured on 29 days and a speed of 
300mph measured for the other day. This highly 
improbable situation might occur if a tornado 
Struck. 

b. Ten mph measured on each of the 30 days. Again, 
this situation is improbable, but might be approached 


in some areas. 


2. In case a, above, the range would be 300mph. In 


case b, above, the range would be zero mph. 
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INVESTIGATION 11.1: Angle of Incidence 


In your study of astronomy you used a light meter to 
investigate effects of increasing distance between meter 
and light source, and of changing brightness of source. 

Now you will use the same meter to help you understand the 
effect of the angle at which light strikes a surface. This 


angle is known as the "angle of incidence," 
Materials (per team) 


Light meter 
Light source 
Ruler 

Pig @ iets clei Ors 


Masking tape 
Procedures 


A. Use the protractor and ruler to duplicate Figure 11,1 


on a sheet of paper. 


A 0° 


Figure 11.1. Angles of Incidence. 
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B. Place the paper on your work surface and the light 
meter on the paper. A long edge of the meter should 


be lined up with line A on the diagram. 


C. Rotate the paper, with the meter on it, until the 
meter 1S pointing directly at the lightisounce: 
Tape the paper to your work surface. Read the 
meter and record your measurement in a chart 


Simiber «tos rroure lil 2 in your notebook, 


Pigureil1.2:, Chart. 


ANGLE OF INCIDENCE METER READING 





D. Adjust the meter so that its edge is lined up 
Withe UiMecuB = C, sand marin turn, but not with D: 
At each position, read the meter and record the 


reading. 
Interpretations 


1. What is the effect on the meter readings of 


increasing the angle of incidence of the light? 


2. Predict what you think will be the meter reading 


with an angle of incidence of 45°. 


3hh 
Procedures (continued) 


E. Align the meter with line D. Record the meter 


reading. 
Interpretations 
3. Was your prediction of Interpretation 2 accurate? 


4, How do you account for the readings you have 


obtained? 
Procedures (continued) 


F. TDook™at Figure il. 37 “the “inner—circle in-thus 
figure represents the surface of the earth. The 
outer circle represents the "top" of the atmosphere. 


The parallel lines represent rays of the sun 


striking the earth at latitudes One 30 60°, 
and 90°. 
Figure 11.3. Apparent Thickness of Atmosphere. 
sunlight 


equator 


345 

Interpretations 

5. What time of year does the diagram represent? 

6. At what latitude is the angle of incidence greatest? 

7. At what latitude is the angle of incidence least? 

Procedures (continued) 

G. Use a ruler to measure the distances each ray 
travels in passing through the atmosphere. Record 
these measurements in your notebook. 

Interpretations 

8. Do you think the heating effect of the sun is 

greatest when the angle of incidence is small or large? 


Explain your answer. 


9. On a year-round basis, what parts of the earth's 


surface receive the most incoming sunlight? The least? 


10. Does the seasonal change in tilt of the earth's 
axis result in a greater seasonal difference in heating 


at low or at high latitudes? 

Problems 

1. Based on its temperature range only, what do you 
think City Q's latitude may be? (Hint: Examine your 


response to Interpretation 10.) 


2. How does latitude affect the climate of the place 


where you live? 
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TEACHER ® 
MATERIAL 


INVESTIGATION 11.1: Angle of Incidence 


By convention, the angle of incidence is measured from the 
perpendicular (or "normal" line) to the incoming ray, and 
not from the surface to the incoming ray. Thus a ray which 
strikes a surface at right angles is said to have a Oe angle 
of incidence. The purpose of the investigation is to show 


the effect of latitude on the climate of a place. 
Procedures 
A.-B. No comment. 


C. The effects to be observed will be most easily 

seen if the room is partially darkened. 
Students may align the meter exactly with the 

Om line (line A) by observing the shadow of the 
meter or by adjusting for a maximum reading of 
the meter. The investigation will work best if 
the light source is located close enough to the 
work areas to cause at least half-scale deflections 


of the meter at 0° incidence. 
1D), No comment. 
Interpretations 


1. As the angle of incidence is increased, the meter 


readings decrease. 


2. Student responses will vary. 
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Procedures (continued) 


LE No comment. 


Interpretations 


3. Student responses will vary. 


4, Two major reasons may be suggested: 

As the angle of incidence is increased the amount 
of reflection from a surface (here the photocell) is also 
increased. Less light will be absorbed and recorded by the 
NEN ESES 

As the angle of incidence increases a smaller 
percentage of the light output of the source will strike 
the meter. This is illustrated in Figure T-ll.1l. If the 
meter is turned from its solid line position to the dotted 
line position the portion of the light between B' and B 


will no longer fall on the meter. 


A Cae 


Figure T-ll.1. 
Effect of Angle 


of Incidence on Meter. 






front of meter 
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A typical set of readings would be: 


METER READING 





Procedures (continued) 
F, The thickness of the atmosphere is exaggerated. 
Interpretations 


5. The diagram represents an equinox. This can be 
concluded from the fact that rays of light from the sun 
are perpendicular to the rotational axis of the earth. 


See Investigation. .o 


6. The angle of incidence is greatest at 90° latitude. 
7. The angle of incidence is least at 0° latitude. 
Procedures (continued) 


G. Typical values are: 


Latitude Distance 
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Interpretations 


8. The heating effect is greatest when the angle of 
incidence is small. In addition, to .the two reasons suggested 
for Interpretation 4, students may add: 

The sun's rays pass through a lesser amount of 
aan 
Low angles of incidence correspond to summer with 


its longer days. 


9, The regions close to the equator receive the most 


incoming sunlight and those near the poles the least. 


10. The change in tilt causes relatively little change 
at low latitudes. Students may notice that the difference 
in distance through the atmosphere (Procedure G) changes 
only slightly between O° and ee more between 30° and 60° 
and most in the polar region, 

Also, the decrease in light-meter readings was 
least between 0° and 15° and larger when greater angles of 


incidence were involved. 
Problems 


1. The small temperature range of City Q suggests 
an even amount of energy being received. This corresponds 
to a location near the equator. Students may wonder why, 
if the city is near the equator, its average temperature is 


not higher. This will be considered at a later time. 


2. Student responses will vary. 
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INVESTIGATION 11.2: Heat Balance 


Each place on the earth is continually losing heat to 


space, 


day and night. During the day the heat is replaced 


by radiation from the sun. Any difference between heat 


gained and heat lost causes a change in temperature for 


the place. This investigation may help you to understand 


why some temperature changes follow the patterns they do. 


Materials (per team) 


Paper cup 

2 beakers 
Masking tape 
Ruler 

Water 


Procedures 


1a 


Place marks at 2mm intervals along one edge of a 
piece of masking tape for a distance of 6cm. 
Attach the tape to the inner surface of a paper 
cup from bottom to top. Use a sharp pencil or 
other pointed object to make a small hole in the 
side of the cup just above its bottom. The hole 
should be the right size to allow most of the 
water topdrain outtofea £fuli*ctp’ mm eabeut one 


minute. 


Place the cup where water draining from it will 
empty into a sink or beaker. Add water to the 

cup -from a second beaker until the depth of the 
water in the cup is about 5cem. Continue to add 
water at a rate which keeps the water level constant 


then decrease the rate at which water is being added 


to theleupes 


‘ 


3h7 
Interpretations 


1. Is it possible for the water level in the cup to 


drop while water is being added to the cup? 
2. If so, under what conditions will this happen? 


3. Do you think it would be possible for the temperature 
of a place on earth to decrease while heat from the sun was 
still being added to it? 


4. If so, under what conditions would this occur? 
Procedures (continued) 


C. Add water to the cup at a rate which maintains 
the level of water in the cup at a depth of about 
lcm. Next add water at a high rate, and then 
gradually decrease the rate at which water is 
being added. Carefully observe any changes in 
water level which occur after you start to decrease 


the rate at which water is being added. 


The sun adds more heat to the northern hemisphere on 
the day of the summer solstice in late June than on any 
other day. Both before and after this date heat is added 
at a lower rate. And yet this day does not usually have 
the highest temperature of the year. Records from a large 
number of locations in North America show that the warmest 


days of the year occur during July and August. 
Interpretations 


5. How can you account for the temperature pattern 


described in the paragraph above? 
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The northern hemisphere receives its smallest amount 
of heat on or about December 21. After that date heat is 
added in increasing amounts. And yet records show that 
the coldest days in many places occur in January and 


February. 
FOR FURTHER ACTIVITY 
Design and carry out an investigation which would illustrate 


possible reasons for the occurrence of coldest days of the 


year in January. 
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TEACHER 
MATERIAL 


INVESTIGATION 11.2: Heat Balance 


In this investigation students will construct a physical 


analog for the heat balance of the northern hemisphere. 


Materials 

Six-ounce cold drink cups are satisfactory. 

If sinks are available, each team will require only 
one beaker. 


Procedures 


A. The pencil marks on tape will serve as indices 


to help in detecting changes in water level. 


Be No comment. 


Interpretations 


1. It is possible for the water level to drop while 


water is being added. 


2. This will occiirex? waterumis draining from the cup 


at a greater rate than it is being added. 


3. Yes, it is possible for the temperature of a place 


to drop while heat is being added to it. 


4. This would occur if heat loss from the place (by 
radiation into space) went on at a greater rate than heat 


was being added by the sun. 





3h.8b 


Procedures (continued) 


Cc. Students may have to repeat this procedure in 
order to see the desired change. Even after the 
rate of addition decreases, the water level will 
continue to rise if water is still being added 


more rapidly than it drains out. 
Interpretations 


5. Even though heat is being added at a diminished 
rate after the solstice, it is still being added at a 


greater rate than it is being lost. 
FOR FURTHER ACTIVITY 


If water is added to a cup at a very low rate, water loss 
will exceed gain and the water level will decrease. This 
Simulates the condition in winter in which heat loss is 
greater than heat gain. If the rate of addition of water 
is increased very slowly (simulating the increase of heat 
received after the solstice) the water level will continue 
to drop for a time. Not until the rate of addition equals 


the rate of loss will levels stop falling. 
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INVESTIGATION Ie 32 ean Effect of Rotation 


Imagine the earth as a stationary globe with a smooth surface. 
Winds produced in the atmosphere of such a globe would be 
very predictable and unchanging. Warm air would rise near 
the equator and flow aloft toward the cooler poles. Air 

at the poles would descend and flow along the earth's 

surface toward the equator., Figure 11.4 is a diagram of 


expected wind patterns on a smooth, non-rotating earth. 


Figure 11.4. Expected Wind Patterns on Non-Rotating Earth. 


Large-scale wind patterns on earth do not follow this 
idealized pattern. In this investigation you will consider 
one reason for the fact that surface winds in the northern 


hemisphere do not always blow from the north. 
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Materials (per team) 


Straight edge 


Paper 


Procedures 


A. Use the index finger of one hand to hold a sheet 
of paper down on your table top. Hold the paper 
firmly enough to allow it to be rotated by an 
assistant without allowing the center of the paper 
to change its location. With your other hand, 
hold a pencil with its point on the paper and 
near your index finger. Close your eyes and pull 
the pencil directly toward you, drawing a straight 


line. 

B. Repeat Procedure A, but this time have another 
member of your team rotate the paper while you are 
drawing the line. 


Interpretations 


1. What is the effect of attempting to draw a straight 


line on a rotating surface? 
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TEACHER 
MATERIAL 


INVESTIGATION 11.3: An Effect of Rotation 


For most purposes it is possible to think of the earth as 
being stationary. In considering wind patterns, however, 

it is necessary to recognize that the earth is rotating. 

In this investigation students are introduced to the general 
problem of "straight" lines in moving frames of reference. 
In the following two reading selections the information 


will be applied to specific observations concerning climate. 
Procedures 
A. No comment. 


B. Students may have to repeat the procedure several 


times before producing smooth curves. 
Interpretations 
1. The lines are curved. Students may notice that 


the direction of curvature depends upon the direction in 


which the paper is rotated. 
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CORIOLIS 


As the Earth rotates everyone on it moves east. 
As person who! "sits?still",all day actually travels 
quite a distance in 24 hours. At the equator the distance 
iS about ZomO00=mideseeeere takest24rhourss for ther Barth» to 
rotate once, therefore, a person at the equator is continually 
moving at a speed of about 1,000 miles per hour. See Figure 11.5. 
Since everyone and everything around this person is 
also moving at the same rate there is no feeling of speed. 
Toitnigore rid’ ned. auttastetrain. YYou, maysbelmovangrat 
100 miles per hour relative to the ground. But your fellow 
passengers are also moving at the same speed. Therefore, 
they are not moving at all relative to you. 
In. the moving. train you\lcan walk easily.» You can 
even go into the next car of the same train. That is 
because this car is also traveling at the same speed relative 
COmtneCor arte 


Figure 11.5. Speed of Rotation is Greatest at the Equator. 
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Of course you would not wish to try to get off a train 
moving at high speed. Neither should a person standing on 
the ground try to get onto the train. Changing from the 
train to ground or vice-versa would be extremely dangerous. 

A similar effect is observed when any object moves 
from one part of the rotating earth to another. It is 
called the Coriolis Effect. 

Figure 11.6 tells distances traveled in a day and 
speeds of places at different latitudes on earth. (What 
do you suppose would be the distance and speed for a person 


at one of the poles?) 


Figure 11.6. Table 


LATITUDE DISTANCE SPEED 
(degrees) (miles) (miles /hour) 
Siaees eee] 
O 25,000 Ae, OOO 
Is 23,000 966 


30 21,000 866 
45 17,000 707 


60 127 000 500 


nS 6,000 258 


As an example of something which changes latitude, 
think of the projectile from a large cannon. Suppose the 
cannon is at 30° North Latitude. Figure 11.6 states 
that when the cannon ball is "Stationary" in the cannon 
before firing it is actually moving eastward at 866 miles 
per hour. Now suppose the cannon is pointed directly 
north and fired. 

As it moves through the air toward the north, the 


cannon ball continues to move eastward at 866 miles per 
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hour. As it passes over the Earth, the points below it are 
not moving to the east as rapidly as the projectile is. 
The points onfthesbantnegre? ia" behind" thatsits, tothe 
west. Whensthe, projectile. comes.to the ground it will not 
be north of the cannon. It will be somewhere east of north. 
The amount the cannon ball veers depends upon several 
things. The latitude, the speed of the projectile, and 
the distance it travels are all involved. In a distance of 
120m the veer would amount to only two or three millimeters. 
Over a range of 2500m the projectile would drift a distance 
of 200m. The large "Big Bertha" guns of World War I fired 
projectiles at Paris from a distance of 70 miles. The 
gunners had to allow for the Coriolis Effect. If they had 
not, the projectiles would have missed their target by 
nearly a mile! You saw something of this sort in the last 
investigation. When you tried to draw a straight line on 
a rotating paper, the line turned out to be curved. 
In the Northern Hemisphere things moving north or 
south veer to the right as shown in Figure 11.7. This 


has a profound effect on the paths of large-scale winds. 


north 







direction of rotation————»> 
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GENERAL CIRCULATION OF THE ATMOSPHERE 


Because the earth rotates, winds do not follow regular 
paths from poles to equator along the surface. Instead, 
over large areas of the earth there are winds moving from 
easterly and westerly directions. 

Warm air at the equator rises along a belt of low 
pressure. This low pressure belt is called the "doldrums." 
It is characterized by heavy rains and little wind. The 
air which has risen moves poleward in the upper atmosphere. 
At latitudes near 30°N and 30°S the air has cooled and 
descends toward the surface, causing a belt of high pressure. 

As®the descending#alrenearssthe Canthvs suriace pant 
of it is diverted toward the south and part toward the 
north. The Coriolis Effect causes air moving toward the 
equator to be deflected to the west. The result is a belt 
of easterly winds called the "trade winds." The descending 
air that moves poleward is deflected toward the east, 
resulting in a belt of winds known as the "westerlies." 
(Recall that wind direction names indicate the direction 
from which a wind blows.) 

Near 60° latitude another zone of rising air exists. 
Aloft, this air flows toward the poles, where it descends. 
At the surface this cool air flows toward the equator and 
is deflected by the Coriolis Effect, resulting in the 
"polar easterlies." 

Figure 11.8 shows an idealized general circulation of 
air and the resulting wind belts of the earth. The pattern 
shown is broken in many places by the presence of continents, 
changes in rates and areas of heating and friction. However, 
the idealized general circulation provides a useful starting 


point for understanding why prevailing winds do blow. 
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Figure 11.8. Wind Belts of the Earth. 












Problems 


1. In Sections One and Two of this course you developed 
a model for the relationship of the earth and sun. How 
might you use the pattern of prevailing winds on the earth 
as an argument against a model in which day and night were 


caused by the sun traveling around a non-rotating earth? 
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TEACHER 
MATERIAL 


GENERAL CIRCULATION OF THE ATMOSPHERE 


The treatment of general circulation is quite simplified. 

A detailed analysis of circulation can soon become a 
complicated task of memorization rather than an under- 
standing of process. For this reason, cyclones, anticyclones, 


pressure cell migration, etc. have been omitted. 


Problems 


1. Wind patterns in the Northern Hemisphere should 
take a north-south path on a stationary earth. A way to 
explain observed wind patterns is to attribute the deflection 


of the Coriolis Effect--the result of north-south movement 


on a rotating sphere. 
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LANDSCAPE AND CLIMATE 


Sections Nine and Ten dealt with landscape and with large- 
scale features of the crust of the earth. When you think 
of the great mountain ranges of the earth perhaps you now 
think of the processes that produce such mountains. Just 
as the mountains are a result of some earth processes, they 
are the cause of others. Mountain ranges have a very great 
effect on climate. 

Air which is close to sea level is under greater 
pressure than is air higher up. This results from the 
greater weight of air pressing down on it. If air rises, 
as it will when moving air encounters a mountain range, 
it expands. As you know from your investigations with 
clouds, expansion of air can result in the formation of 
clouds. 

Thus areas on the windward sides of mountain ranges can 
be expected to receive more precipitation than do those 
which are on the downwind side of the same range. In 
South America, areas downwind from the Andes ére likely to 
be dry and desert-like. 

You have already considered the origin of prevailing 
winds (winds which blow from a particular direction through 
large parts of the year). Perhaps you can now understand 
how these winds, when combined with major landscape features, 
can be an important influence on the climate of an area. 

The thinner air at higher elevations has less ability 
to absorb heat from the sun-warmed ground, and as a result 
temperatures in mountainous areas are likely to be lower 
than temperatures at sea level. The thinner air is less 
able to hold heat. Cities at higher elevations experience 
greater variations in temperature between day and night. 
While people living close to sea level are protected from 
intense sunlight by a thick blanket of air, people at 
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higher elevations are not. At high elevations a person 
may feel quite cold while standing in the shade but quite 
warm just a few feet away if he stands in direct sunlight. 

Several effects of mountains on climate have been 
mentioned. But, as you remember, climate is the single 
greatest factor in determining the type of soil which will 
be present in a place. High areas, in which freezing and 
thawing is common, are weathered in different ways than 
are lowlands. Glaciers exist in the climates of high 
mountains of the United States and Canada. Their effect 
on the landscape is extreme. In desert areas, dry winds 
sandblast the landscape into forms which are not found in 
moist areas. Figure 11.9 shows the effects of erosion in 
a dry area. 

The shape of the land affects climate, and the climate 
affects the landscape. 


ue * 





As 


Figure 11.9. Wind Erosion in Desert Climte. 
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Problems 


1. What effect does landscape have on the climate of 


the place in which you live? 


2. Do you think that the altitude of City Q could be 


having an effect on its temperature pattern? 
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TEACHER 
MATERIAL 


LANDSCAPE AND CLIMATE 


Students should recognize that the "rain-shadow" effect of 
mountains may not be restricted to the immediate vicinity 
Ofethe mountains. Uplift of air, resulting in increased 
precipitation, may start as much as 25 miles upwind from 
the mountain barrier. Once triggered by uplift, precipita- 
tion may continue for some miles downwind from the crest 
of the range. The overall, large-scale effect is that 
stated in the text. 

An interesting relationship between the effects of 
prevailing wind directions and mountain barriers is shown 
by the Andes. You may wish to present this as a problem 
to the students. 

North of about 25° South Latitude a dry area lies to 
the west of the Andes despite the proximity of the Pacific 
Ocean. To the south, the dry region is to the east of the 
Andes. What would account for this pattern? 

Students who recall the general circulation pattern 
may recognize that in the northern area winds are from the 
east, generally, and hence the western side of the range is 
downwind and arid. South of the latitude mentioned, the 
westerlies prevail, causing the eastern side of the range 


to be in the rain-shadow. 
Problems 
1. Students responses will vary. 
2. The cooler average temperatures of City Q (Quito) 


result from its 9,300 foot elevation. It now seems likely 


that City Q is near the equator but at high elevation. 
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Students familiar with world geography may remember that 


there are only two places where the equator crosses high 


mountains, South America and Africa. It seems likely that 


City Q@ should be in one of these localities. 
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OCEANS AND CLIMATE 


As you might expect, areas close to oceans are generally 
more humid than are locations farther inland. Oceans have 
other effects, too. 

Your experience with heating samples of water and of 
soil has shown you that water is more resistant to tempera- 
ture changes than is land. Oceans act as great reservoirs 
of heat. As a result, places which are closer to oceans 
are likely to have far smaller temperature ranges than are 
places which are inland. 

The temperature leveling effect is strongest when 
prevailing winds blow from the oceans toward the land. 
England, on the west coast of a continent, has a climate 


which is moderate. This is a result of the presence of 





the Atlantic Ocean. Cities at similar elevations and 
latitudes, but on the east coasts of North America or Asia, 
are not as strongly affected by the oceans they are near. 
Their climates reflect greater variations in weather. 

Places far from oceans have more variable climates 
than do those which are closer to coasts. Oxford, England, 
has an annual average temperature range of aspect while 
Berlin, Germany, at roughly the same latitude, has a range 
One Donc, 


Problems 


1. What effect does the distance of oceans from your 


locality have on climate? 
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TEACHER 
MATERIAL 


OCEANS AND CLIMATES 


The principles outlined in the text are illustrated by the 
climates of most localities in North America. You may 
wish to give some examples after students have had an 
opportunity to consider the problem. 

Portland, Oregon; Omaha, Nebraska; and Boston, 
Massachusetts; represent the west coast, middle, and east 
coast of the continent respectively. All are at roughly 
the same latitude, and altitude. Portland and Boston have 
44 and 45 inches of rainfall per year, respectively, while 
Omaha has 29 inches. This results from the proximity of 
Portland and Boston to oceans. 

As with temperature ranges, averages may be deceiving 
in expressions of rainfall. Portland's rain is heaviest 
during the winter months, while Boston's precipitation is 
more evenly distributed throughout the year. 

Omaha has an average annual temperature of law Ce while 
the two coastal cities are cooler, each about 7Eee As 
would be expected, Omaha has the greatest temperature range 
(Gale) y the east coast city of Boston the next greatest 
(25ac) and the west coast city, Portland, the least (16ecie 


Problems 


1. If students are not certain what role’ their distance 
from an ocean is taking in affecting local climate, you may 
wish to re=-phrase the question as, "What would be the effect 


of moving our location closer to (farther from) the oceans” 
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Section Twelve: 


Developing Other Models 


PREVIEW 


In Sections One through Four students were led toward an 
Understanding ot there Wocatiom on earth and of the posis= 
tional and dynamic relationships between earth and sun. 
Subsequent units focused on earth processes with underlying 


themes of time and change. Section Twelve sets the earth 





and sun, against the larger backdrop of the skies. It is 
hoped that students will come to appreciate something of 
the vastness of this stage on which our home planet plays 
Lts sma Di ypart’ 


Oule approach to rhe nole toi *eanuth and sun in the 





Universe Ws partly Historical and partly technological: 
Simple versions of some of the tools of astronomers are 
developed and ssed by students. "With such tools astronomers 
Nave Made -Observations “Contribuving to development of the 
current models of the galaxy and universe. 

Moetiivedm Lomasections, treatment (Or the topics lin 
this section is not intended to be comprehensive. Students 
are merely being shown that the entire universe does not 
revolve about the earth (in either a literal or a philosoph- 


ical sense). Some students may be disappointed at the cursory 
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treatment of a subject they find interesting. For them the 
text should provide numerous springboards from which they 

may go off to follow their particular inclinacionem const sc. 
tion of telescopes, observations Cfhistars and planets. reseanren 
in cosmology) while the class proceeds. It is better in any 
case to leave students with a desire to learn more (which 

they could conceivably do on their own) than to belabor a 
subject until interest is completely appeased. 

Since conditions for viewing the sky may not be consistent 
students should again be referred to Appendix D containing 
suggested observations. If these observations have beensmade 
in advance and recorded, “studentsiwall f£indgetass pooner 
on brightness *o® “stars, colerjeeecs jel ess, abet reer iae neg 


meaningful. 
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Section Twelve: 


Developing Other Models 


ANGIENT) BEEDREF ST ASOUL THE UNLVERSE 


For as long as man has been on earth he has observed the stars. 
A stone tablet found in the last century shows a record of the 
movements of the planet Venus. The tablet was made by the 
Babylonians about 1,000 years ago. This (Figure 12.1) is the 
oldest known astronomical records; but even before he kept 


written records, man had probably named many of the stars. 





The Egyptians devised useful calendars thousands of 
years 0q0. Early Eqypelan agri culcure was aided by star 
observacions. They raised” therm verops along the valley of 
the Nile River. Each year at flood stage the river overflowed 
into the fields, providing needed moisture to a desert-like 
soil. The Egyptians needed to know when to expect this 
flooding. They could then plan the best time to plant 
dideeOnculimvale theiim crops Over the vears they observed 
that the floods always took place several days after the 
Devo iimceon  folcLuUS = COsce at tie Same tame as the sun. 
Dibowmoceurred every 365 days. Tnus, agricultural needs 


led to the invention of a calendar. 
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The Phoenicians and the Polynesians used their knowledge 
Of the regular motions of thevstars in Navigat von one lend 
Sea journeys. During the dayligne nours, the Verge vend 
direction of shadows cast by the sun were observed. These 
allowed ancient man to determine time. The Greeks perfected 
the gnomon, the instrument you worked with earlier. A gnomon 
allows an observer to tel time edirecrionm and Tacernda.s arc 
also gives information concernang the start Om Seasons and 


the length of the year. 





These are examples of direct and practical uses to 
which astronomical observations were put. Early man also 


wondered about the meaning of his observations. In his 





imagination he put together models in attempts to explain 
the relationship, of Garth eandmee.. 

Until about five hundred years ago most men were convinced 
that all objects in the tniverse-= une sun, moon.) folleu wma 1c 
stars--moved around a stationary earth. The ancient Egyptians 
thought that the sun traveled by boat each night from the 
western horizon (where it set), to the eastern horizon (where 
it rose). (This would’ be like otlrwidea cS the cuUnmeett agra 
the west and rising in the east.) When the "goddess of the 
sky" bent her starry body over the earth, stars could be seen. 

Another ancient model proposed that the earth was covered 
by a huge bowl, “or dome, resting on meUntaime. “ovase coula 
be seen through holes in the dome. The dome model was a 
popular one. The early Sumerian model of the universe was 
a dome fixed high above a flat’ earth.” The airy cun,emoonm. 


planets, and stars moved between the dome and the earth. 





lasleq eWay Mn Ihe 
The Venus tablet. 





eles, a Greek philosopher who Jivedeebout S00 B.C., 
thought that a dome floating above the flat earth contained 
BicmaUMeem MOON wotars. and planers. ~ tie also believed tmat 
the earth rested on and was surrounded by water. 

Several hundred years later some Greek astronomers 
rejected the flat-earth model. They began to write of a 
Spherical earth. Still they placed it in the center of the 
universe and assumed that all other objects circled around 
heer 
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The idea of an earth-centered universe was accepted by 
most people until the 16th Century. Records of the motions 
of stars and planets had been in existence for many years. 
However people had not interpreted the records in the way 
we do today. 

As you. Nave. discovered, thes processor sereating fa modet 
can be complex. ) First. observations muses tengatnerediito 
form the basis for ideas. Often; whilema model asebeing 
developed, there are Opportunities wogmeakesmeredictions and 
test them. For example, consider trercentral positionyor 
the earth in the ancient models of the universe. If the sun 
travels “eanound shesearts ton cee ye tent mec ss i ble itor preduce 
how fast the sun must be going. The only information needed 
to make sucha calculatiom is Eherdtstanee s2om earth to the 
sun. The greater therdrstancemar les osectmure Sun must 


travel to complete a circle once a day- 





Of Courses, iL is impos sib leguO Meas leeme ie Cistancelro 
the sun with a ruler. Therefore the prediction and testing 
had to await the discovery of a method for measuring distance 
indirectly. When the method and necessary instruments were 
developed, calculations showed that the sun would have to 
travel 25 million miles an hour to iGeeroundathe earth wnce 


a day. 


QUEST IONS FORS DISCUS. LON 


1. Can you think of a way ine which thei distanceseon rhe 


SUMO a cn Gastar Sicelis ICOUUCmMDOemlcastuliaeae 
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TEACHER 
MATERIAL 


ANCIENL BELIEES ABOUL THE UNIVERSE 
Several books could be (and have been) written on the history 


of astronomy alone. In the past few pages we have only 


touched upon the subject and suggest that you also avoid 





CoIngwemlenGreae detedl.) -1G One Of your students 1S partcicu- 
loc atic eresreCei ne theysStUdcy Or ancient scienuigic history, 
you may wish to have him read further on the historical 
development of astronomy as an "out of class" project. 
YouUsmMAGiitig DOME OUtMthateastronomy has been, studied 


seriously by people of many different civilizations for 





EnouSsands, of years an) the past*and probably will be studied 
POLaManye years.in, Enesfuture. 

Observations in astronomy have been of interest to man 
for both= practical and philosophical reasons and many models 
have been suggested to "explain" the universe and its many 
pacts.ay Duming eleass @iscussionueontinue to stress that 
models have changed, are changing and will continue to 


Chance. per lier gis wchewvery essence vo: a model. 





QUESTIONS FOR, DLS CUSSION 


1. Students) should recall the triangulation method of 
Measunimg, dastancé andirectiy Clnvestigation 5.3)... Variations 
of the, triangulation method willl be discussed,-in later material. 
Esbkimakwon Of distances to far stars involving magnitude 


measurement is also presented. 
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MEASURING DISTANCES TO STARS 


A Problem Of Too Many Miles 


Meike Oueimamany Countries the kilometer, is a2 convenient 
UNLE CO Indicate *distancesm beuweer tcities,! capitals of the 
world and so on. The average distance between the earth and 
LEnersunetsoabour 93 milidon mi heen( 93, 000,000! mites). But 





Steals are sO rar -awayetronm Carthi thatthe, mike becomes: 
Very VawkwWakhavuiLe tor idesermioincs distances. |Por example, 
the star Proxima Centauiew iis. 25.6 (Ertl lion miles. trom earth. 
Written out this’ would be 25,800,000,000,900 miles. It 
would be very clumsy to use miles to describe distances to 


stars. lo sobve™=thts problem scientists use the term "light 





year" instead of mile in describing the vast distances to 
Stata. Wreet toc lighteyecar. Lois the distance light travels 
in one year. Let us see how a light year is determined. The 
Specd Ome ignw sts loos 000) milésv per second. © To. find out show. 
many miles there are in one light year we would have to 
multiply tee, O00 mites per second times the number roftieseconds 
in a year. You could do this yourself, but to save you time, 
the calculation is described below. 

There are 60 seconds in a minute, 60 minutes in an hour, 
PAS nouULrs aime aidayeandsscosdaysain “aayear.isiso ally theresis 
tendo us tO mUltaply all these numbers to find the number 
OF Seconds Inia year: 
1. 60 seconds x 60 minutes = 3,600 seconds per hour 
2. 3,600 seconds per hour x 24 hours = 86,400 seconds per day 


3. 86,400 seconds per day x 365 days = 31,536,000 seconds per year 


Ones lich: yeam = Sls5e6 000s seconds! per yearux lee, 0O0mmiles 
per ‘second = 5,865,,696,,000, 000™milesvor approximately 
6 trillion miles! ~(6,000,0003'000;000) 
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To find the distance of Proxima Centaur 11 1 TonUe ves, 


divide the distance in miles (25.8) triiiion ep the number 


of miles in one light. years) 25,6007 000) 000, 000—e. oc 
6s10 00, 0007 000) 00 Case q 


4.3 light ryears:. 

You.wihllrgenerally, find tha tiidistancesspcopeta er oie 
listed fim light. yearssrather shan mi mbes. g GaSe meriocdgo 
measuring should be familiar to you. 

In Section Five you learned how to measure distances 
indirectly.3a! As wow may recadls jar baseline gis ses al iis ited 
and angles of lines of sight from the baseline to the object 
are measured. From these measurements the distance from 
baseline to object may be calculated. 

The longest "baseline" that may be established, on 
Earth is about 8,000 miles (the diameter of the earth). 
Because &,000%miles nist such ar shome distence compares waaay 
the distance: to evenjnearbye6taiesiiany Wbasebane sonpge @Liteds 
relatively jshoru.; Asia result, glrnes liom sig itipeowencioursc ame 
from different locations on Earth are nearly parallel. 

No matter how:long you make) a) beseline on jBarctin,) iiives 
of sight; to aystar orm the sides: of as trs-ang ler Ehatyats 
very long and narrow. Each angle at the baseline seems to 
be 90°. To determine the distance to a StahsecstqOnomers 
use photography and a much longer baseline than can be set 
UpNenyise reli. 

The line of sight to a nearby star is recorded from a 
place on Barth... /The: star is sighted again) from the: same 
place; sax months Tater: . During this time,phowever,) ithe, earth 
has moved around to the other side of the sun. 

Since the average distance between the sun and the earth 
is 93 million miles, the baseline used by astronomers is 


twice that, or 186: million miles (Figured? 2s. 2 With eucd 





a long baseline, they can measure the angles formed by the 

lines of sight to the star and the baseline. They can then 
calculate the distance to the star in much the same wayeyou 
measured distance to objects by using tuiengles ampere een ace 





(six months later ) 








Figure I2s2.. Finding distance to a star. 


QUESTIONS FOR, DISCUSSION 


PomWiy do vyOU citink the feoure, 6,000 ,000,000,000 1s 
used to represent miles in a light year instead of the figure 
S,oos 075,000,000 which 1s More accurate: 


26 lif rc stcianwes eeulcUlacedm Ee. De someon masles 


away, whet would this distance bepangidughleyears: 


Bh ir @ Sites wae Caikeullercecd tee ise 3 wisi von ilies 


Way ~ewnet Wolds cthievdiseamcespeying light years: 
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TEACHER 
MATERIAL 


MEASURING DISTANCES TO STARS 


A Problem” Of Too (Many Miles 


The term ‘light! year" toe describe distances) to vstare 15s 1oudd 
in nearly ali books dealing with astronomy <5 Porm cits reason 
we feel it important for students to understand how a light 
year 1s calculated and why it is a useful term The eceual 
calculations would be tedious For Students Vand yaccier cian 
as practice Jinwssmple arithmetic probably of Pecuresecauca— 
tional value. 

students should realize that measuring the distance co 
a star is much more difficult than measuring Belatively shore 
distances. You might wish to mention that PiguresPinuyvolyving 
triblions, of even billions, dre @almoce DeyoOuCcmticn ao cy, 
Of people to visualize, whether they describe distances or 


amounts OL money. 
QUESTIONS, FOR DISCUSSION 


Do The rtigure GSF000,000, 000,000 miles@ is elose tcom ene 


Calculated figure and makes expression of the number of Tight 


years easier. 





26 ~00e EXll lion miles — 6 trillion miles = "6 Wigtesyecanes 
light year 


Sve SB qeiest Lil soya AL Taicht 
Cacoon oe ae ee 
Note: 


Some students may realize that since the distance of 


stars can be calciilated by triangulation Using the ciamecer 
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Smee em sort Sori tmesson base I ne, Suchicalculations are 
based “on the model that the earth revolves about the sun. 
Mousey (WisterOseack tite 1 the form of a question for class 
Gpscuss JON. 

TeLanGgulation 1s only userul for measuring the distance 
of stars relatively close to us. In the next investigation 


another method of measuring distance is discussed. 
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INVESTIGATION 12.1: 9) Distance vand sb giiness 


Distances to stars relatively close to us can be measured 

by the triangle method. But what about more distant stars? 

Tf all the stars gave oft the same amount Of ViVi ite cic 

might be possible to use their brightness to measumer distance. 
In this investigation, vou willl Wook fomeertel atone: D> 


between distance and brightness. 
Materials 


Light meter 
Lamp with bulb, 200-watt 


Meter stick 


Procecuges 
A. A light meter is an instrument used to measures tne 
brightness of light from an object. It is) made up 


of a solar cell, which produces.an electrical current 
when light strikes it, and a meter that indicates the 
amount of electrical current produced. Practice taking 
light, readings in various pakts On tne Loom .mmNoUlece 
how the needie of the meter changes position as you go 


from a bright area to a darker one. 


Bs Copy Figure 12.3) im your notebook. 


DISTANCE METER READING 


1 meter 
Hal ounce mel 2ags 2 meters 
3 meters 


Aw iiecers 








369 


Cemrrace an Unshaded Lamp on a table or counter top. 
Pivewe Ss: Ot renemeoOom should ibe |darka,sseveral teams 
can make use of one light source. 
Record in the chart the highest reading on the 
light meter when it is lm from the lamp. (Note: 
If two or more light sources are used, make sure that 
VouUssliGhnbwmcrern eis poste oned so, light rom only,one 
SQUnCEMSErikes /it.;) 
Place the lamp 2m from the meter, then 3m and 4m, 
recording the readings from the meter. 
interpretations 
1. What relationship do you see betweén distance and 
brightness? 
20.8 Predilcthiwhiat the reading would be if you moved, the 
Tamp 6m seromycheniaohicimeuer. 
PROBLEM 
Le State and Bicouveyort thepsame amount, of Lights 











From Beet i,acstary Al appears) bo “be pLO0 -cames as) bright) as 6. 


Comparer-theldistance: from Hanth toy star A with the distance 
rreom Bagchee yorar Br 
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TEACHER 
MATERIAL 


INVESTIGATION 12.2 Distance ana Sriontiess 

Maizenae tes 

The number of teams will depend upon how many light 
meters can be obtained fom this exercise. “Brenly tone meren 


is available one team can demonstrate and present their data 


CoO wine Classe 





Untrosted bulbs usually work bettér than doy thesconmorr. 


= 


frosted variety. With either type of bulb the @ortentacionse. 





the filament ds, Craticel. "nares, ever i — Cenc same c mmo 
bulb to meter is kept constant the meter reading may change 


c 


if the buULDE is! FrOLaved, Preseneinogemere) OrRlessn Or etts 





filament to the meter. 


~tudents, should be cautioned ioe Co ulpin ether mecers, 





that 2S, not to hold the meter so close lO ae ott solr ce 


that the needle of the meter moves past “the upper end of the 





scale. Doing this can damage some meters. 
Photographic meters aré a possible substitute tor 
milliameters hooked to photocelils. “However, he should me 


noted that these meters, because of the special purpose for 





which they were designed, may make the relationship between 
distance and brightness, ditticult to perceive. sality <ollumetns 
meter you intend to use before class so that you will know 
what to expect. 

The distances suggested in Figure 12.3 should serve as 
a guide only. You mayiiind) that atWdistancesme. several 
meters from the source the meter readings are not appreciable. 
In such a case all distances should be reduced. Try, however, 
to Maintain a simple ratio of distances, such as 20cm. 40cm. 
60cm, SOem: 
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Procedures 





A. The light-sensitive part of the meter should be 
turned <cowald the source of \Light. The students 
should notice how the needle changes position as 
the beightnesis varies... Numerals may vary from meter 
EO Meter out tie puspose,.of che anvestigation ais 
TO ODSeuve Mow wiche ~meter reading, changes.as the 


distance to the light source changes. 


B. No comment. 


C. The lamp should not be shaded. It may be necessary 
to close the window drapes to keep) stray light from 
affecting the meters. If the teams are grouped 


BOUNCE, dl KC FSOUr Ce Ate semicircle, they: may 





CAbl yn Our iene worocedures samudtaneously. | df we 


Pigie sOUleecwere Used. Une iignts should peyac 





Opposite Ends of the room and the teams using one 
light should have their backs to the teams using 
the, ochers laght. 


Interpretations 


i Smswers will vary, Gepending upon the meters. 
However, all students shoulda see that apparent brightness 
(amonmiehes with dastance.. die face. braghtnesss decreases in 
GiPeGEsOroporLiom to the square of the distance. At. twice 
the distance, the same amount of light falls on four times 
the area. Therefore, the amount of light per unit area 
Cauichwas thesverea Or the liven meter) is one fourth as 


Gheduse Livis relationship is called the inverse square law. 
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It is possible that some of the students will recognize 
this relationship once the data has been collected. Your 
decision as to whether or not to expect students to understand 
this quantitative aspect of the distance-brignhtness relation- 
ship will depend partly upon the mathematical background of 
your class and partly upon the accuracy of the data which 
has been collected with the equipment available. Whether 
or-not the inverse square@law Ms brought our, all students 
should be expected to recognize that at greater distances 
from a source the light intensity diminishes. 

pome students will finds qvephing thet deter renem 
aid to recognizing relationships and predicting values. 
Others may find that graphing is an incomprehensible impedi- 
ment to seeing what has occurred. Your decision as to 
whether or not to have students graph their results should 
be based on the background of thetstudents andhyourtwe ling= 
Ness toOsassist sn bringing therm qrapnine "skal up. toe 


usable level. 

2. Assuming? a ‘reading of one when She amps i smimgaway. 
the readings should be U/40at 2myel/o Ve eee lor ace an, 
l/25> ate sm, and 1/36 the amount ote lighteareonmmeNumbers 
will vary from one meter to another. 


PROBLEM 


i. “Star Bais 10 times farther “away “cranes. 
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MAGNITUDE OF STARS 


In the Second Century B.C., a Greek astronomer mamediaipparcaus 
listed about one thousand sittars an a catalogs uipparcius 
incorrectly assumed that all stars are about the same distance 
from Earth. He assigned to each a number (from 1 to 6) to 
indicate its brightness. Stars listed as 1, oresivs. magna cuce. 
were the brightest. Hipparchus assigned the number 6 to the 
dimmest stars--the sixth magnitude stars. 

Astronomers now use the term "magnitude" in two ways. 
Apparent Magnitude reférs. To The brightness. 5ot Baws (ae 
appears to us. Suppose you could use: aslight meters -onrcecord 
the brightness of a star. If the star were twicer as caraway 
it would appear to be only one-fourth ass briogie se Ore te 
were only one-fifth as far away, it would look twenty-five 
times brighter. 

Stars that appear very bright may actually give off more 
light than dim stars, or they may be much nearer to the earth. 
The sun seens very bright because 2c as souneas Bercn win es 
really just an average star in terms ofasize and brightness. 

Of course, if all stars were the same distance from Earth, 
those that appeared brightest would be giving off the most 
LGke heir 

For example, suppose you ane looking acs tworluu=wace 
bulbs across the street. If one is brought: nearer, iiteeanpeaa 
braghnter, even though the amount of Jight, te Gives Obese miee 
changed. 

After determining how far away a star is, astronomers can 
calculate how bright it would appear at a certain distance. 
They find it useful tO compare the brightness of) =tansepased 
on how bright they would be if they were all the same distance 
from Earth. The distance agreed upon is S226) lightcryeatce 


If all stars were that distance from Earth, the brightesuwones 


Bild: 


would be so because they were actually giving off more light. 


The term absolute magnitude refers to the actual amount of 
ligne Given off by a star, not merely its appearance. 


In Investigation 12.1 you recorded the apparent brightness 
of a bulb. You will now have an opportunity to determine its 
absolute brightness. 


INVESTIGATION 12.2: Absolute Magnitude 
Materials 
Light meter 
Lamp 
Four light bulbs of different wattages 
Two light bulbs of unknown wattages 
Meter stick 


Procedures 


As (‘Prepare a data sheet like thevone shown in Figure 12.4. 





Walyeqenae: A. Bie 


Bs the room should be dark except for the lamp. Pilace 
a Dulin eihlesunshaded Lamp, and take a reading at *a 


Gistance Of Im.) Record the reading on your data sheet. 


oy ys 


C. Repeat the procedure at a distance of 2m, then 3m. 


Record your data. 
D. Repeat Procedures B and C using the other bulbs. 


E. Determine the approximate wattage of the unknown bulbs 
CaranGa re 


Interpretations 


1. Describe the procedures you used to determine the 
wattage of bulbs X and Y. 


2. What areethetwattages®or tbulbsex land V7 





SB. Jt you knew the apparent magnitude andgdisredaceros 
a star should tc be possible to calculate its absolute 
magnitude? 


4— it “you knew thesabsolurée magnitudesotyeasstabguncat 


observation would be needed before you could calculate its 
distance? 
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TEACHER 
MATERIAL _ 


INVESTIGATION 12.2: Absolute Magnitude 


Materials 


hOUr DU! Ds. ea O=~= Jo—. OO—, and 200-waett bulbs ‘or’ similar 
SI 26rare pretrereble.- Ti different wattage bulbs in this range 
(50-200) are more easily obtained, substitutions may be made. 
Bulbs dimmer than 50 watts are not recommended. 

Bulbs Kand Y ‘Should™be* the same size. ~ Bulb X should have 
the same wattage as one of the bulbs used in Procedures B-D. 


Bulb Y should have a wattage other than those already used. 
Proce wes 
A.-B. No comment. 


Ca, Repeating the procedure at other distances affords 
anotner “eppeorluni ty for —suucdents co Observe the 


relationships involved in the inverse square law. 


D. In general, the more wattage a bulb has, the brighter 
Lows.)  CONnparvson Joh meter readings with, different 
DULDS at Val ous distances should Nelp the student 
appreciate the difference between absolute magnitude 


and apparent magnitude. 
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E. Use a black, felt-tip pen to mark the bulbs X and Y, 


and blot out their wattage value. 


Interpretations 


1. By seeing where a reading at a known distance fits in 
the chart, the students should be able to estimate the wattage. 
The parallel between this activity and the preceding 
discussion of absolute magnitude should be seen by the students. 
When all the bulbs are placed the same distance from the meter, 


their true brightness (absolute magnitude) can be seen. 


2e Answers will depend on the values of X and Y. 








3. Yes, if the apparent magnitude and distance of a 


star are known it is possible to calculate its absolute 





Magnitude. If students have diff eulryean seeing this,” posit 
OURMEhnat the question is similar to, "What is the wattage of 


a light bulb. whach. qives ay meter reading @ X atla @istance 
Guile aera! 


4. The apparent magnitude would have to be measured. 
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MAGNITUDE SINCE HIPPARCHUS 


Many stars too dim to be seen by Hipparchus have since been 
viewed with the aid of telescopes. Recall that in the 
System deviced by Hipparchus, the brightest stars had a 
magnitude of one and the dimmest had a magnitude of six. 
Today the scale has been extended to include the dimmest 
stars seen through giant telescopes. The dimmest stars 
which can be observed have a magnitude of 23. 

At. the.other.end.of-the- scale, stars and planets brighter 
than first magnitude are known. The magnitudes assigned to 
them range from zero into negative numbers. The apparent 
magnitude of the sun, for example, is -28. 

Figure 12.5 shows the relationship between magnitude 
number and brightness. The same scale is used to indicate 


apparent magnitude and absolute magnitude of stars. 


brighter 





Figure 12.5. Scale showing the relationship between magnitude 
and brightness. 


Figure 12-6 lists both the apparent magnitude and the 
absolute magnitude of a few objects in the sky. Decimal 
fractions are uséd to indicate place between two magnitudes. 
For example, a star of magnitude 2.3 is dimmer than a second- 


Magnicude Star but brighter than one that is third magnitude. 
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Figure 12.6. 
Obijeet Apparent Absolute DisLance 
Magnitude Magnitude LnLagne 
Years 
Sirives (stan) -1.6 thaw 9 
Canopus (star) -0.7 -4.6 98 
Vega (star) 0.04 ORS Za 
Rigel (star) Ore -6.8 900 
Betelgeuse (star) C748 -5.5 
Venus (planet) -4.2 O Much less 
(at its brightest) than one 
Full Moon =P 2 eh ‘ Much less 
titan sone 


*Do not produce their own light. 


One other method of referring to ti.@ Dem@maness of estare 
is often used. Greek letters were assigned to stars in the 
ordew of their brightness within? a starsqroup, sor constellaclens 
That. 2S, sthe brigheest stam in vw consted latuon hhasetnie arse 
letter of the Greek alphabet--alpha (@)--assigned to it. The 
second, brightest star vin the group dis, assigneq ene second 
letter--beta (#8 )--and so on. This system is often used in 
Scan cherts. 

Rigel and Betelgeuse are two stars found in the constel- 


lation Orion. Betelgeuse is the brightest star in that constel- 





lation and is therefore referred to as alpha Orion; Rigeima. 
second brightest and is called beta Orion. 

The first five letters in the Greek alphabet are listed 
in Figure 12.7 together with the Greek symbols. 
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Figure 12.7. 
Q@ alpha 
B beta 
Y gamma 
6 delta 
€ epsilon 





You now know that a star which appears dim may appear 
SO fOr One of two reasons. The star may not produce a great 
Cea mOLeleOvre Ociiamay Dever a very Great distance. 
Perhaps a combination of these two factors causes the star 
to appear dim. 

But why should some stars produce more light (greater 
absolute magnitude) in the first place? You will find 
possible answers to this question in Investigation 12.4 and 


the reading material which follows it. 
PROBLEMS 


1. Which of the objects listed in Figure 12.6 gives off 
the most light? 

2. Which star in Figure 12.6 would appear brightest in 
the night sky? 


3. Which is more distant, Betelgeuse or Vega? 
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MAGNITUDE SINCE HIPPARCHUS 


PROBLEMS 


1. To determine which star is actually the brightest, 
students must refer to absolute magnitude. Rigel is the 
brightest of those listed, with an absolute magnitude of 
-6.8. Rigel, however, is sixth in order of apparent magnitude. 
When students ceslize thac thismstar is) aeboum [00 LY freon 
Barth, they may get some idea of the tremendous amount of light 
it gives off. Actually, Rigel has the brightness of about 
18,000 suns? 


2s ,Of thevstars lasted, Sirius appears: Ori dices m m= 
night sky, with an apparent magnitude of -1.6. 


Se Betelgeuse is at a distance of 520 light yeare- 
since the apparent magnitude of Betelgeuse is less than 


Vega's, whereas its absolute magnitude i@®much greater than 





Vega's, Betelgeuse must be the more distant. 
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INVESTIGATION 12.3: Estimating the Number of Stars in the 
Evening Sky (Optional) 


Think back to a statement which was made earlier in this 
section: "Many stars too dim to be seen by, Hipparcnus @-aamesm 
How many stars could be seen by Hipparchus? How many stars 
Can you see without a telescope? (Cne hundred? One thousand? 
Millions? An answer to this question can be found rather 
easily and may prove interesting. This investigation suggests 


a method for finding the answer. 
Materials (per student) 


Sheet of scardboerd. 25cm 25cm 
Piacestack mou cm 

Meter stick 

Scissors 

Paper clips 


Masking tape 
Procedures 


A. Obtain a piece of cardboard approximately 25cm x 25cm. 
Cut out a square opening 15cm x 15cm in the Center oF 
the cardboard. This will be the "window" through 


which you will make sample counts of the stars. 


B. Measure 50cm from one end of the flat stick, and draw 
a line across it. Bend open a large paper clip so 
that the two loops form a 90° angle. Tape one loop 
to the center of one edge of the cardboard (see 
Figure 12.8). Tape the other looplto the Sstickhecoasenas 
the cardboard is held upright at the 50—cm mark. 


window |5cm x I5cm ee oa ai 


Set-up for Procedures A and B. 


Figure 12.8. 











Ga grroUmare nowilneady ero use “your isky windows Try sto 
find an observation point away from street lights. 
When your eyes have adjusted to the darkness, hold 
one end of the meter stick near one eye and look 
through the window... Count all the stars you see in 
the square. 

Select two other areas in the sky, and make 


COUNTS.) ReCCOLG "Vou Mines, Star counts. 


D. Find the average of the three star counts you made. 
Mu bcipdy tchisenumbers bys VO 09 Tha siquivvds: youttan 
estimate of the number of stars seen in the evening 


sky. 
Interpretations 


1. Compare your estimate with those calculated by other 


students. How do you account for any differences? 








*The total viewing area of the sky is approximately 70 times larger than 
the viewing area in the cardboard window. 


eve 
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TEACHER 
MATERIAL 


INVESTIGATION 12933) sEstimating the Number ef starsminmere 


Evening Sky (Optional) 


The number of stars normally visible at any one time from 


any one place may vary Jgreatly; but it probably does nor 


exceed one or two thousand as an absolute maximum. 


wood 


Materials 


The cardboard should be stiff enough to keep its shape. 


Any 2 lat esmooth strck tabout o0.cm aongswil edo. ocucD 


can often be obtained from a lumberyard or school shop. 


De 


Procedures 


An opening 15cm x 15cm is suggested. However, some 
students may want to work with .ither larger or smaller 
openings. If the dimensions of the opening are changed, 
it will be necessary to calculate a new value for the 


muleiplaer an Procedure Di. 


No comment. 


Discuss some of the problems students might have in 
counting stars. ,For example, street lights; might 
make viewing difficult, sky might be cloudy or hazy, 
obstructions might be present, etc. Students are 
asked to make counts in more than one part of the 
sky. This will reduce errors that could arise if an 


atypical area is selected for the first count. 


In the example given, the average of the star counts 
through the 15cm x 15cm window would be multiplied by 
70. The product is the estimated total count. 


377b 


The formula to find the surface area of a sphere 
is 4 vr, (rv = the radius of the sphere). Since only 
half of this sphere is above the horizon, the answer 
is divided by two... Dividing this by a¢ (a = one side 
of the square opening), gives N. N is the factor 
used to multiply the star count to get the estimate 
otetocal (starowin the sky. (Discussion of how the 


TOrmula LS sderived 125 not-importvant. 
Tnecerpreractions 


1. It is not likely that any two estimates will agree. 
However, they should fall within a fairly narrow range. Encourage 
Studeness EOuGiLSCcUuss steasons for differences. Some of pehesreasons 
Givem miognt be Variability of sky conditions or differences in 
eyesight. Under optimum conditions, several thousand stars 


can be seen at night with the unaided eye. 
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INVESTIGATION 12.4: Heating an Object 


Ef *you-look at -“thestars carerulfy, “you wrll tnetiee ener mor 
all-are the same color. ""YelTow; red; whice, “and pive are 
some of “the “colors you=can Seer im tilts “livestioarton you 
will have an opportunity "to observe an-ob | ect es 2014 


heated. This may provide a clue to star colors. 
Materials (per team of four) 


Pliers 
Paper clip (straightened) 


Gas burner 


Procedures 


A. Hold‘a straightened paper clip with a pair of pliers. 
Put the tip of the paper clip in Che nottest Spare 
of a gas flame (Figure 12.9). Observe and record 
the color of the tip of the papery clip saseit gus 
heated. 


hottest part of flame 





Figure 12.9. 
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Interpretations 


1. What color changes did you observe in the paper 
Chip easet Weemtceboou. lr your flame had been hotter, you 
might have seen the color continue to change until it was 


white, and finally, blue-white. 


2. If the relationship between color and temperature 
in stars is the same as the one you observed in a paper 


Slipne would aired star be hotter or cooler than.a yellow star? 
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TEACHER 
MATERIAL 


INVESTIGATION 12.4: Heating an Object 





The color of wlightsproduced) by anmobijiect as  releartedetougres 
temperature. 

The intensatymor Wight produced by an objectminereaces 
as its temperature increases. 

The color and amount of, light produced by “a star may be 


related to the temperature of the star. 

Materials 

A Bunsen burner or propane torch may be used. 

Procedures 

A. No comment. 

Interpretations 

1. The paper clip should be seen to change from red to 
orange to yellow in the flame. This is about as much color 
change as can be seen with these materials. With greater 


heat the paper clip would change from yellow to. white. 


Ze A redistarswould snot bemas Notas tal yelloweccain. 


seetude azoq 1 as 2 a Rae 4 writs S ides ant at hovtp 2 tude 29 gme aie , 
INE soy ad qolsotn avert NS smi este Jkeriod sit 
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7 oe 
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TEMPERATURES OF STARS 


Stars differ in color as wellvasPwinebrigntness. ) Oneawey 
astronomers have classified stars is according to temperature. 
The classes are identified by the letters O-B-A-F-G-K-M, in 
order from highest to lowest temperature. An easy way to 
remember the classes of stars in thisvorderiis) to Mearmthe 
sentence, "Oh Be A Fine Girl, Kiss Me!" 

The Kelvin (abbreviated K) scale is used to express 
Cemperatures Of stars.) The) temperacure Of laustag mexpre-- 2a 
on the Kelvin scale, is a smaller number than would be needed 
for the temperature of the same "star expressed in degrees 
Fahrenheit. Examples of star colors and temperatures are given 
im Paoqure 2.0 


Star Constellation Cowlions ade Class 
Betelgeuse Orion red we ae - 7 
Canopus @aligainae: white oe aie Ss F 
Spica Virgo blue-white on ees as i) 
Vega Lyra blue-white oe one of A 





Figure 12.10. 


The temperatures given in the Cable aré surface) Cemperalumes. 
The hottest stars may have interior temperatures of more than 
20,000; 000°" Ke 


Sel 


PROBLEMS 


i The sun is a Gstype stars -Within-what temperature 
range is the surface of the sun? Use Figure 12.10. and the 


temperature classification system of stars to decide on your 


anSwer. 
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TEACHER 
MATERIAL 


TEMPERATURES, OF STARS 


stars varyoin’ color ,as.a.resultecfetieitreetenperacuise. 
Higher temperatures correspond to bluer colors and 


greater light cuetput pes ainiat area. 


PROBLEMS 


1. The surface temperature of the sun should be between 
3,100°K (Betelgeuse-type M) and 8, 200°K (Canopus-type F). 
The accepted temperature is about 6,000°K. 
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SLZEO OFs ol aio 


The brightness of a star depends upon 1ts temperature andvites 
size. If two stars have the same temperature, the one with 

the larger diameter will give off the most light. If astronomers 
know the color of a star and its absolute magnitude, they can 
calculate its size. A given surface area on a white star sends 
out more light than the same area on a red star. 

From thescolor of a star astronomers icanstelia howamuch 
light is Given off per unit of jarea from this.) Gu supescsc tole 
to calculate how large the star must be. 

The largest stars are the red giants. Some have diameters 
400 to 500 times the diameter of the sun. Betelgeuse, in the 
constellation Orion, and Antares, in the constel leci1 ene coresue: 
are red giants. The diameter of Antares is 450 times that of 
our sun. Figure 12.11 shows how the size of Antares compares 


with the size of our solar system. 


Saturn 





Bicuremle2n te If the star Antares were at the center of our solar 
system, it would occupy the shaded area. 


The smallest stars are the white dwarfs. Some are no 
larger than planets in our solar system. 

The range of star sizes in the universe is enormous. The 
giants are about 150,000 times larger than the smallest. Our 


sun is somewhat smaller than average among stars. 
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DENoLI YP Or oLARS 


Density is found DYIaLVicdingeEne weight of any object by Tts 
volume. A ping pong ball is less dense than a golf ball. 

PES VOU siaviecwever Madeuad snowball, vou know thac the tighter 
you pack the snow, the more compact, or dense, the snowball 
will be. Freshly-fallen snow is not very dense; it is made up 
Cue vakes, elae are loosely packed. 

Astronomers have learned that the least dense- stars are 
the red giants. The volume of such a star may be millions of 
tames, Greater thenathal on ene -sun, but dt may contain only 
50 times more matter. The density of the red star Antares 
is less than two ten-millionths that of the sun. The air around 
you is about 10,000 times more dense than the material making 
up Antares! 

The most dense stars are the white dwarfs; some are 
nearly 200,000 times more dense than the sun. Difficult as it 
is to imagine, a-eubic centimeter of material from such a 


star would weigh nearly 2% tons on Earth. (Figure. 12.12). 


Wskveqoperes 17 Ae If a block of material this size was taken from a 
white-dwarf star, it would weigh nearly 2 1/2 tons 
on Earth. 


NOW FpyeURsee show ditt icult 1G is to speak of an "average" 
star, even though that term was used earlier in referring to 
the Suri. 

The temperature of many stars is several times greater 
than the sun's but others have temperatures that are much 
lOWweua wVarhabton iw, ehe-anounGyor.light given off by dirferent 
stars is great--from several hundred thousand times brighter 


than the sun down to about one-millionth as bright. 
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NOVAE 


Occasionally stars have been seen to change suddenly in 

brightness. They may increase tO hoO OOe slimes their normal 
brightnéss.  Such-a Star) ise cal Vedsasnove. Meanie fitew a ee 
Understandably, these were thought to be new stars by ancient 


astronomers who recorded them as early as 134 B.C. Tycho 





Brane,.a Danish astronomer, described a2 oval i slo72 sa. 
follows: 
"One evening, when I was contemplating 
as Usual, “the celestiaw eval) ss! sam 
with inexpressible astonishment, near the 
Zenith, Mie Cass lOpela weamladian Star ges 
extraordinary magnitude. 


NSTLUCK “WLEN Sur price. eo lami cusc vy. 





believe my eyes 9.8. Sibemnew stare. Fo. 
resembled in every way other stars of the 
firse Maqnitude. Ylts Dirmomeneso exceeded 
that of *sirius,-and-of -dupwrer. = Beveouid 
only be compared with thatvereVenusweerersoms 
Gilizted- with dood si gmt could Mstime tits aes 
stam in daylight, even) at noon day, whengtne 


sky was clear." 





TMycho's stalnmasmrceacame CO be Caled, Wenemmiod) vy sq ) louver 
aADOUL Ne sea bone wemiteLa 





Tycho's star is now believed to have been an exploding 
star. While some novae experience more than one explosion, 
tne majority do not. “It is belteved that iste explosions 
take place near the surface, with the stae literally Slowed 
Off TES "tops “Once inva vgqréeat while, Yate watt veme Moree es 
an explosion “occurs that” rea lly “is “most “uintiste ee hia 
called a supernova, and the-brightnéss of suGh a%star may be 
equal to about 200 million suns. Johannes Kepler, a German 
scientist, observed another supernova shortly ‘after Tycho'"s. 


This one appeared as bright as Jupiter and lasted about as 
tong as Dyeno si star. 
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Uiietear | test Cocoreee gatar vexplosvon visible to the 
unaided eye occurred in the year 1054. In that year, the 
Chinese noted that a "guest star" appeared in the constel- 
lation Taurus. As bright as Venus, the nova was visible in 
devyinGgne [op 123 (days, and amr chesnaghbysky for about two 
Veane.  wliiLbouct telescopes “Lies still possible.to see.the 
remains of this 1054-explosion, now called the Crab Nebula. 


If you are fortunate you may see a supernova in your lifetime. 
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SOME TOOLSROF ASTRONOMY 


Most observations of the sky which have been suggested so 
far were made by the people of hundreds of years ago. These 
people were able to see patterns of stars in the sky. They 
could notice differences in brightness between stars. They 
were able to see that stars were various colors. 

Changes’ in positions of stars from night "to -nighe wand 
from season to season were noted by people of many different 
cultures. An observatory to study the motions of heavenly 
objects was built in Korea in se4 77a D. Lt 1stec ace aoa 
today. During the first 1,000) yesresor 10s operatic aea 
Koreans recorded 66 eclipses of the sun and the positions of 
nearly 1, 500mscars. 

in the 18th Century excellent observatories, 20 recording 
the movements of the stars were built in India. Large instru- 
ments were used to measure angles. The observations made 
were more accurate than any before. 

A fine observatory was established, by Tycho Brahe oe 
Denmark in the late 16th Century. His instruments were very 
large and accurate. Tycho himself was a very careful observer 
and. Made very Precise: Observations. 

The tools and methods you used earlier in the course 
were used by early astronomers. The instruments were fairly 
samole GO GOMStruct.,  Gnomons and astrolabes Mave) becnyin 
use for centuries. Attempts at finding the distance to cue 
sun were made in the Third Century B.C. 

None of the early observers had the use of telescopes, 
though, for these were not invented until early in the 17th 
Century. The first ©astromomer to Use a telescope was 
Galileo Galilei of Italy. Figure 12.14 shows one of the 
telescopes made by Galileo in 1610. 

Arter looking through his telescope St lthe mich tiaia. 


Galileo wrote: "“"Beyond the starsiot thesis imaend cud 
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Figure 12.13. Tycho in his observatory. 





Figure 12.14. 
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you will behold through the tetescopeta Whost of other srarse 
so numerous as to be almost ‘beyond belief." 
Galileo's telescopes were small; the lenses were less 


than five centimeters, in diameter Yet, asma limesmche 





telescopes were, he made several important discoveries. 
Galileo saw that there were mountains on the moon and spots 

on the sun. He was thewhirst woraiscoversrnatw encomiar 

planet (besides our own) has a satellite. In fact, he saw 
four moons revolving around, Jupiter. And he discovered) that 
Venus goes through phasessy ]Usise sour emoom does. 

These observations helped convince Galileo that the sun-- 


not the earth--was the center of our solar system. 





m 


Telescopes have béen made born largertare, bet commence 
Galileo's time. Other instruments have been designed to 
aid in observing the skys in thernexteanv eseigarionasyou 
will construct some modern astronomical instruments and 


consider the ways in which they may be used. 
E ORS EUR Raa Caan 

1. Why did Galileo's observation 6f the moons of 
Jupiter help convince him that the earth was not the center 


of the solar system? 


ae What idees the, fact that Venus) shows wonases tell 


you about its location in the solar system? 


3. What is located at Stonehenge? 
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TEACHER 
MATERIAL 


SOME TOOLS OF ASTRONOMY 





Ageveat dealfoe astronomyncanebe, and hasbeen, carried.on 
without telescopes and other sophisticated instruments. 
Students should see that astronomy has not been the province 


OBLOHEe Mationality or culture. 


POR BURTHBRSACLIVITY 








Te tee oittreube to predictitie-Limits of student library 
resicahen Tato wene sucessecdetopics., ~Amomg other things, they 
May 2ind thae: 


1. Galileo observed moons which he concluded were 
Pevolanig aeeuekouUpl ten. Berore has tame, prevalent thought 
Was that all heavenly bodies revolved about the earth. Since 
ne NacdProundveone exception, might there mot be others? This 


line or cough ped him to the conclusion that all bodies in 





the solar system revolved about the sun and not the earth. 


2. The fact that Venus (and Mercury) shows phases while 
other planets do not indicates that these two planets-are 
closer to the sun than is the earth. Students could demon- 
Sevres his Dyn leing avlicht sources to represent! The sun and 
a sphere to represent a planet. Only when the "planet" is 
belerively close, to che “sun (from the observer's point of 
View) wi llWit sshows"ehases, "athat is,-be partially lighted 
AnGepentiakly dark. 


38 stomehenge was built about 3500 B.C. The positioning 
of its massive stones suggests that it was used to mark sunrise 


logations at Ssolstices and equinoxes. 
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TNVEST LIGATION sle2c5.>.. Observing, Pathways,.of, Light 


The telescope and many other tools of the astronomer are 


devices which use light in different ways. Before working 





with these devices you should review what you know about light. 
A few simple observations of the way in which light behaves 
will possibly improve your understanding of telescopes and 


Otner Eoo Ls: 
Materials (per team) 


Ruler, or straight edge 

Sie Liv nlat-sided bottle, with cap 
PAEGHeEL Of water 

Coin 

Flat-bqttomed cup (opaque) 


Pens es ja 
Procedures 


Ae LOoCcmat sa cOlivor other small object on your work 





table. You are able to see the object because light 
teflects rom at to wour eye. in your notebook 
describe the petmn lidiu takes from the source to 

Ene ObDIecr, EO VouKm eye. 


Interpretations 


1. What simple test can you suggest which would prove 


Menace Makes = possible tor you to lsee the object? 


Cee DoccnaLie ene siren leaving che Coin, come to your 


eVieca 


3. Explain your answer to Interpretation 2. 
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4. Do you think that’ Wight trom che coin neawew. ae 


straight path or a bent path an traveling tol yougseye. 
Procedures (continued) 
Be Sight at the’ coin“along the edge"or a riler 1425.31 


Figure 12.15). Have a teammate view your eye, the 


ruler; and tme obyecryivom senemeude,. 





Figure 12.15. 


interpretations 





os Does thesruler poing directly at the coum: 


6. What does this tell, you about the path, fol lowedm sy 


faght in traveling from ithe. coin “bo yous eve? 
Procedures (continued) 


C. Draw a straight: lime on a piece of paper wea eae 
small bottle with! water, and cap it.) (layetcnesoor we 
across the line. ook, at the line from several 


different angles and positions. 
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Interpretations 


Ps 


Describe the appearance of the line. Does Light 


from the line follow. a straighGeparw through the bottle and 


the air? 


Procedures: (continued) 


1D) 


Place a.smail coin anethe cups “Pu thescurp son. Ene 
desk. ,Then. slowly move back @uscetraewenouch somthat 
you can no longer seesthe coin.” Rememntat this 
position, watching the top of the cup, while another 
member oF your, team veryyslowly poUlrse water Lito wit. 
sight at the coin in the icupsalongy the edge of your 


ruler. Have a teammate observe from the side. 


Interpretations 


Se 


9. 


Describe and explain what you observed in Procedure D. 


What does this tell you about the pathway of light? 


Procedures (continued) 


BE. Darken the room except for one nearly closed shade. 
stand near the windowswith a lens and a sheet of 
paper. Hold the lens between the window and the 
paper. 

Move the lens back and forth until the image of 
armob vega OULS IIe, Sueitueswa trceges focused on the 
paper (Figuré 22.74). 

Interpretations 

10. Describe the appearance of the image on the paper. 
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Figure 12.16. 





Figure 12.17. 
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Procedures (continued) 


F. Examine the two lenses and determine which one makes 
the prant on this page appear largest. 
Hold the lens of greater magnification near your 


elo mE TOlLeOntienotuler a little rarther away, behind 








the closer lens (Figure 12.17). Move the weaker 


lens "away trom you slowly until you See the image 





Sr seme ODjeco 20 Bront Or you"anm focus. This Ls 


the way a telescope works. 


Interpretations 





11. Describe the image obtained in Procedure i 


122 “In what way can lenses and water be similar in 


there eftects on light: 





393a 


TEACHER 
MATERIAL 





TNVESEIGATION. 12.5: Observinos Pathways of Ligne 





Objects are seen as a result of light traveling from the 





object to the eye along straight pathways. 


En Some icases,.~2onr Tromywradows. or bulbs is rérlecved 








Peon te ObgecteLe the eyes (Emiothers, the objece (iiane 
bulb, Neated¥paper (clin, stan; ete.) produces ibs own giicnt. 
Glass weler (and (pOSsSsib ly NoEler TCranspa heme substaices 


may bend (refract) light paths between object and eye. 


Materials 





Litem EV Omens Sunsn@UMiG mone @llivicn mci alGuninchy;— MnCl Mina ema— ake 


focal lengths--about one anch and Ewelve inches. They should 





jo@ alooure I 1/2 imenes aim Cdiaimeceir, Wane leases ace also to be 








used invthe £ollowing investigation. 


Procedures 


Ave No comment. 


Interpretations 





i. Students Mayesuqgest turning er smlienes chil. apie = 
venting light from ceaching the jobject wom ovnem teste. im 


such cases the object would no longersbe ici b les 


2. No, not all the Light Leavides thewolbject comes ce 


one observer's eye. 


3. Several observers may view the objectsat tne same 


time. 
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4. Student answers will vary. A test is suggested to 


EneRSEUGehiEN hp BOCeatine mE. 


Procedures (continued) 


Be No comment. 


Interpretations 


Sa es. Cie sulle points directly (straioqne yar the 


Conan. 


O. (he dight travels an a stravght pathway from coin 


to eye. 
Procedures (continued) 
€. No -comment < 
Interpretations 


Po wien “Viewed rom several engles, ene pare of ehe 
line beneath the bottle appears to be displaced to one side. 
titsomecat a pemexplained: by assuming that light rrom they line 
is bent (refracted) as it passes from water to air (and then 
to your eye). Light from other parts of the line follows a 
ectkradqut path to the viewer's eye. some students may point 
eut that the light from the line also passes through glass 


CewLce )i\. 


Procedures (continued) 


D. The team should observe that the ruler is pointing 
at the edge of the cup where the coin appears, not 


Ger eiesbottom Of tne cup where the coin actually is. 
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Interpretations 


8. Since light travels in stratcnt lines tareticiea =. 


the side of the cup blocked the light rays from the coin to 


your eye. When water was added to the cup, the light rays 


from the cnin were bent enough to reach your eye. 


9. The pathway of light from coinsto eye 1se ner sreaignit. 


Procedures (continued) 


E. The room need not be very dark. If the day is not 


toov bright, merely curpanop ole slice elvan Sia eco 


Interpretations 


10. The image is inverted and small. The convex lens-~- 


like the lens in an eye--inverts the image. 


Procedures (Ccontinued) 


Ee No comment. 


Interpretations 


ll. The image is inverted and magnified. 


iA.) BoOentwecenwand wlensies Navies been obseriecdmco 


EneRdtbectiiom of, lagit. 


change 
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INVESTIGATION 2. Gee COMMS bruce WiGimew ews sc oe 


Materials (per team) 


henses a2 

COnSELUGCEION paper weome teers 
Masking tape 

SVE ISIN S 


Ruler 


Procedures 


Ko 





(ee 


The lens with the greater magnification will be the 








evVepLece son oul telescope. Old srl ome mamas 
your eye. 

ine gicomc Wenis Wakil oe ee Oojeceive iene - 
HOLES Enews eccConde lens are conse 1G tliommme ian mma 
Nearer tO your eye white oo cwinema: cl cise oe 
object through both lenses. When the object is 
in sharp focus, hold the lenses steady. Immediately 





have one of your team members measure and record 





the distance between the two lenses. 


ROLL and tape two sheets of construction paper te 
make two cardboard tubes with slightly different 
diameters. One tube should slide inside the other. 


When extended, the combined length of the tubes 





should be greater than the distance between the 





Venses' ound in Procedure A. The tubes should be 


made just large enough in diameter to hold the 
Tenses 





Use masking tape to attach the lenses to the free 


end ofeach ‘tube as) showin wget noumeeben 
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tubes 





objective lens—/: 
(longer focal length) 


eyepiece lens 
(shorter focal length) 








Figure 12.18. Refracting telescope assembled. 


D. Look at a distant object through your telescope, 
endmslide: thewtubes in of out until Ehe vobyect 


comes into focus. 
Interpretations 
ie (isthe amage you Sec upright or inverted? 


2. Use your telescope to view several of the objects 


that Galileo observed in the sky. 


CAUTION: Never slookwdirect ly atric sun vat any “time. 
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TEACHER 
MATERIAL 


INVESTIGATION) 12.062 (Conetructing iamnerSs cope 


Materials 





Use the lenses suggested for Investigation 12.5. 


Procedures 


A. If students need help determining which lens has the 





G@Leatver magnification, seerer, them: tee rocedumen. 


Of Inviesticgaciom E205. 





Bie Din a NOm Commenter 


Interpretations 





i Livboth Wensesmaere COnVes meric m Ma Gem Vom ities cacr 


2. The student can use his telescope to view the 
surface features of the moon. He can also view any planets 
visible at the tame.” A world almanac provides mingomacion 
on when and where planets can be observed. 

Emphasize the cautiom abour Never Nookwnc vars cle 


sun. 


FOR FURTHER INVESTIGATION (Optional) 





Ask the students to predict what would happen if a concave 





lens instead of a convex lens was used as the eyepiece dn 








Procedure D. Jf a Concave Lens a6 avaiable, maveusone 
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students try this. (The image will be upright, as was the 
case with Galileo's telescope but not as large as that 


obtained with two* Convex lenses. ) 
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PERFECTING THE TELESCOPE 


Telescopes like Galileo's have lenses that bend, or rerract, 
light moving from one transparent material, Such racmcdie, 
into another, such assglass: (or water). These instruments 


are known as refracting telescopes. Many of the telescopes 





used by astronomers today are quite similar to his. Improve- 
ments on the Galilean type telescope were made with advances 
in the manufacture of large objective lenses. 

However, Sir Isaac Newton in 1668, devised a telescope 
that did not require large lenses. Newton used a curved 
mirror in place of an objective tens. “Ihe curved mirror 
reflected light to a small flat mirror which again rerlected 


the light to a magnifying eyepiece (Figure 12.19). 


flat mirror 








light rays from an 
object enter here 


concave mirror 
( objective) 








telescope tube 





Figure 12.19. 
Principle of Newton's 
reflecting telescope. 










































































Figure 12.20. 
Newton's reflecting telescope. 
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Galileo's telescope was a refractor; Newton's was a 


rerlector. Each ttyoe fasrits purpose. 





Figure 12.21. The 40-inch refracting telescope at Yerkes Observatory, 
Williams Bay, Wisconsin. 


Retraceersvare oftem used to view large areas of the 
sky. When viewing planets, the observer can see surface 
details better with a refractor than with a reflector of the 
same sizey Two refractors built in the 19th Century are 


still the largest in the world--the 36-inch refractor at the 
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Lick Observatory in California, and the 40-inch in the 


Yerkes Observatory in Wisconsin (Figure 12.21). 





Figure 12.22. The 200-inch Hale reflecting telescope. 


The reflectors are better used to show faint, distant 
objects in sharp detail. A 120-inch reflector is also located 
at the Lick Observatory. The largest telescope is the 200-inch 
Hale reflector at the Palomar Observatory in California 


CEIGUErEG Rl2.22%) 


When the Large telescopes "arevused>) a “Gemena, 1s” plaged 





at the eyepiece and is used to obtaintalpaetoq rap teerecora. 
A photograph gives the astronomer an OpperltumiLy seomacudy 
the area.in detail and provides for a permaneneerecorda yo. 
what is seen. 
Another telescope at the Palomar Observagonmy a seoes recently 
a combination of the reflector and) thesretracterss ) Gages 


the 48-inch Schmidt telescope (Figure 12.23). The Schmidt is 
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used to photograph large portions of the sky at one time. 


teow old or wea Oommowapoul 400 times larger than that of 
tne acgeet rerracuor. 





Figure 12.23. The Schmidt telescope. 
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INVESTIGATION 12.7: Building a Reflecting Telescope (Optional) 


Materials 


Concave shaving or make-up mirror 
Convex, lens 

Sma 1 De vee eae EO 1c 

Lag iveseunr ee 


Modeling clay 


Procedures 


Ne 


Place the mirror an an®upright position Switiiei ee 
curved surface facing the lignt seunce.= (homing: re 
and light source should be separated by ten feet 


Ota Mowers 


Locate the image produced by the mirror by holding 

a sheet of blank paper in front of the mirror. 

Move the paper back and forth between the mirror and 
the light until the image of the light shows clearly 
on thé paper. , ert. necessary waite Oem laine s mane 
order fo see the image clearly Note, therdis= tance 
from the mirror to the point where the image is 


formed. 


Interpretations 


alles 


of paper. 


Describe the appearance of the image on the sheet 


Procedures (continued) 


Ce 


Support the small, flat mirror with Clay. Places in. 





between the curved mirror and the point where the 


image is formed, and about 10cm from the image. 
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The flat mirror should be placed at an angle as 


in Figure 12.24. 
D. Use the sheet ct paper to locate the image reflected 


from the flat mirror. Remove the paper and examine 


the image with a convex lens. See Figure 12.24. 


flat mirror 





shaving mirror 


Figure 12.24. 


Interpretations 
2. Describe the appearance of the image. 


PROBLEMS 


1. The diagonal mirror of a reflecting telescope is 
Cftemmlocatedi directly invfrontvor the-mairror.’” Do’ you think 


ESM OVOCchceneMecmasS ce GOnoOMecinuS | Vllewe Ol eSOMemOtreccMenis cales ¢ 


2. Some telescopes have lenses or mirrors mounted in 
tubes. Others, such as the one you have just constructed and 
the Hale Telescope (Figure 12.22) have no tubes. What do you 
think is the purpose of the tube? 
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TEACHER 
MATERIAL 


INVESTIGATION 12.7: Building a Reflecting Telescope (Optional) 
Materials 


The curved mirrors which are described can be purchased 
ab most .drug of variety stores for less than cone collanz. 

Any small mirrors may be used for the flat diagonal 
TMI hye 

The convex lenses used earlier are satisfactory for 


eyepieces. 

Procedures 

A. No comment. 

B. It will be easier to locate the image without 
blocking glugne sromyreaching the miEror “2 eee 
Mirror is ycanted slightly tosomer side. | ihe 
image should be formed about im in front. of the 
CULVER Maer On’. 

Interpretations 

l. The image will be small and inverted. 

Procedures (continued) 

CG. No comment. 

D. Be sure to test, the light sourcesby! viewings it 
through a telescope before students use it. A 


source which is too bright may be harmful to view 


through the telescope, while one which is too dim 





producessan jimageywhich® is fhardsts | lecates laf 
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25-watt bulb used in a room which is fairly well 


lighted provides a good compromise. 
Interpretations 


2°) tine image is amverted, not reversed left to right, 


and enlarged. 
PROBLEMS 


1. If students become involved with this problem you 
Should have them arcempt to solve it in the laboratory 
before turning to written resources to verify their con- 
clusions. In the telescope described in this investigation 
the eyepiece and diagonal mirror may be set,out of the path 
Ofte tncoming Ligntsby canting the mirror slightly. The 
resulting distortion is not appreciable. In astronomical 
telescopes distortion is minimized by having light reflected 
directly back :from the objective mirror and then diverted 


to the eyepiece by a diagonal (see Figure 12.19). 





Students who investigate the effect of the diagonal 
Wie tame veneer does not block @part of the sield ‘or view. 
Tecead st causes a slight dimming of the Aamage. A isecond 
eppect, wiich will probably not be observable with the simple, 
laberatory telescope, is the production of “points” around 
the stars being viewed. This effect is apparent in Figure 12.29, 
for example, where several of the brighter stars show four 
large points and a host of smaller ones. The points result 
PPO trai CtlG won. ont around the “spider, " sthe four 
supports which hold the diagonal mirror in position within 


the telescope. 


2- The tube provides a rigid support for the lenses 
and mirrors of the telescope. In larger instruments a web 
Or beams is usually sufficiently strong for this purpose. 
The tube also prevents stray light from entering the instru- 


ment and distracting the observer. Since the largest tele- 
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scopes are generally operated in darkened observatory domes, 


the tube is again not essential. 
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INVESTIGATION 12.8: Bualdingia Speceroscope 


In addition to the telescope; astronomers Use Otic mas crlnence 


EO) ODEaIn Init oOrMaclOme a oon te NemciEcia Sr. mn Oller Sill mute) © pam Smeal. 


spectroscope. 


Materials (per team) 


Transmission Gitiraction Grating (Jem Jem 
Construction paper (dark color) 

DeLSsOrs 

Metric ruler 

Masking tape 

Paper: Clips 

Table salt 

Gas flame 


Several light sources 


Procedures: 


A. Roll and tape @ piece of CONSErUCctIOn Paper tonto 


a, iets Glocke Sm Bia chameEeee- 


B. Tape a scm xX 3cm plece Of Gifrracti on Grav inGgporer 
one end of the tube. Tape along the edges so that 
light can pass through the gratane. 


C. Tape two pieces of dark-colored construction paper 
ever the other end of the tube so that a silat om 


across 1s formed, as (shown .in Fagucemles2 a. 


Figure 12.25. 
Set-up for Procedures A-C. 
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Dre, Old the spectroscope with, the. diffraction ‘grating 
close to your eye. 
Logics Pougmerne siit at various, light sources 
in, tie -Oom, Uc es ramiincandescent light anda 


fluorescent light. Record your observations. 


E. Record observations of a neon lamp if available. 


Pe pl OW Cen Janalyze sunlight by looking at a“wwhite wall 


oe Orn: Sunil rore. 


CAUIFLON RS NeVvicia JOok directly je Liitnemsuns through 
your instrument. 





Go Coser ve the ligne produced when tehemicalsa: ace: heated 


in emit Vem -SyrlO foo: cies) Ss tromonien! a paper ciip end 





bend one end into the shape of a small loop. Tape 
Enetother: ends toa pencil! om-smed Li vwstick. Moaisten 
the loop and dip it into some table salt (sodium 
Chloride). Place the loop inthe flame: of, a, gas 
burner and view through your spectroscope. 

Other chemicals should be tested if available. 
A new loop should be used for each chemical tested. 


inecoisc allil mesuikes- 


Interpretations 


1. What evidence do you have to suggest that light 


from an incandescent bulb is composed of many colors? 
2. Compare the light produced when the chemicals sodium 
Andemercury (or neem) Give off light. (A fluorescent Light 


eontainssmercury vapor.) 


Ss. HOW Mig ac ai ASorOnomer Use a spectroscope? 
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THE oPECUROs COL 


The spectroscope enables the astronomer to analyze light from 
the sun, the stars, and trom othersoojece= 1neric ws 7. ele 
instrument can be used to look at the light given off when 
different chemical elements are heated to high temperatures. 
Lf the light 18 passed through avaqitirection otal m0 a meen 


separate into its different colors. 





When heated; each element prodtices Tus Owl cheteceerise ] 
pattern as viewed through the spectroscope. Analysis of light 


from a star indicates which elements are present. This is 





true even when two or more elements are present in the star. 
in this way, the composition Of@stars bilivons or miles 
from anki cam bers tudied . 

From such investigations, scientists have learned that 
the earth, our sun, and the other stars are all made of the same 
elements. The chemical composition of the sun and many other 
stars is about 75 percent hydrogen and 23 percent helium. Other 


elements make up the balance. 


In Investigation 12.4 you learned that temperature can cause 
changes in the colors of substances. By spectroscopic analysis, 
information can also be gained concerning the temperatures of 
Stealer. 


POR FURTHER = ACIIVETY 


Design and carry out an experiment to test the effect of 


temperature on the color of a heated object. 
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eA Cia Ei iy 
MATERIAL 


INVEST LGATION I2es? Buviding a Spectroscope 


Materials 





Peaistisstonwdtrr reaction Grating 1s a Clear plastic 


sheet on which more than 13,000 grooves per inch have been 





Scored. J 20ne Passing tnrougn the igrating ms “broken up,” 
DES Cuenbe Gee amunleor tie sCOlors Or Ehe spectrum. CA™roll “of 
diffraction grating is not too expensive and can be purchased 
from many scientific supply companies. ) 

inieendeseena. tlucrescent, and (if available) neon, or 
other.gas-discharge tubes should be placed around the room 


for students to examine through the spectroscope. 


Procedures 


A. No comment. 





Bae Some Students May cape the citrraccion Grating in 





POSIELON with the Grooves running horazontally; 





this will make the spectroscope more difficult to 
use. If the spectrum appears above and below the 
slit, Nave the student Loosen the tape: and’ rotate 


tier dit Pra celome Glace LNG Sos 
Co MEOCe peste resul teacher slit should be as harrow vas 
possible. It may have to be widened when viewing 


very dim sources. 


Di-a. ine spectra will vary as different types of light 





sources are viewed. See Interpretations, below. 


Ge Compounds of copper and lithium produce dramatic 


bright lines in the green (copper) and red (lithium) 
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regions of the spectrum: A darkened room helps mia 


viewing these tests. 
Interpretations 


1. The hot filament of an incandescent lamp produces 
a continuous spectrum. An unbroken band of colores isescen 
on each side of the’ slit. The vrolet end of the specermimr. 


ineciiastes jin Sdliies 


2. The fluorescent bulb produces a spectrum that is both 
continuous and a bright line spectrum. Two or three bright 
lines appear superimposed on the continuous spectrum in the 
violet, green, and yellow regions. 


Neon produces bright red and orange lines. Sodium 


pEroguces bright lines un the yellow reqiem. 


3. An astronomer can analyze and compare theyspecera 


produced Dy, Stars as an aid to "classi srucaeion. 


MOIR, IPUMRARISIIR ACI IEWAEIDNG 


A small light bulb attached in series with a variable resistor 


to a 6-volt battery can be used to show the effects of tempera- 





ture on a spectrum. At low amperage the spectrum should con- 
tain mostly red and orange. As the amperage is increased and 
the bulb burns more brightly, the blue end of the spectrum 


should be seen. 
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GALAXIES 


As you look up at night it may seem that the stars are 
distributed rather evenly across the sky. With the aid of a 
telescope or binoculars you can see many more stars than you 
Can wicthi the Unardedweyes looking through ethese instruments 
GusOmereveals chacrsrarssare Not sprinkled evenly ain space. 
Gaver eee LUdiaWwleelwecelescopeceurevyee lo that Stars sare ‘concen-— 
Ge eece Wmelemn- rOoupsea ted Galaxies = petweenm the galaxies 


abeuvast expenses Of “space Containing some dust and gas. 





Wine Stars you see belong to the galaxy of which Earth 





Pemomoceea— une ikaw Way, Galaxye. The sum is just one of 
Me pemcnatwasnuUndred yotliion Stars im this galaxy. 


Te is impossible for man to step outside the Milky Way 





4 


and see what our galaxy looks like from a distance. Similarly, 








Gee Ushiediiee zenkecannor tell what the tank would look like 
Erommouesice. iiowever, by examining otmer galaxies through 
Pole seodes eG coneecetD le tO Makewsomes reasonable guesses 


about the appearance and structure of our own. 





With the most powerful telescope about one billion of 
GhenGgd lawses in tne Universe canmmebe seen.) Fuvcure telescopes 


n 


ine yieable qalaxies are 





will undoubtedly reveal many more. 


aoouLl One FeO cwo mLilion light yeatsrvaparc. 
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TYPES OF IGALAXIES 


Astronomers have classified galaxies into three major types: 
spiral, elliptical, and irregular. “The Andromeda Galaxy aie 

shaped like a spiral, with arms curving out into space (Figure 
12.26).About 80 percent of all galaxies that have been observed 

are spiral=shaped.-“A spiral galaxy rotates “around cmee =a. 

axis. Stars, clouds of %gas, “and dUstmere dis trmpU rea hmm itte ea 


arms, and also in ‘the’ central™poxrtion (see Figures: (2. 2%eenc see 





Figure 12.26. 
The Andromeda Galaxy. 





aleereey 1125277, 
Top view of a spiral galaxy. 


Figure 12.28. Side view of a spiral galaxy. 
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Another type of galaxy may range in shape from spherical 
to oval. These are called elliptical galaxies (Figure Nees chs 
They are smaller and contain fewer stars than do spiral galaxies. 
Elliptical galaxies may contain from one million to ten billion 


etars but very litelesausie. 


Figure 12.29. 


Spherical and oval shaped galaxies. 
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Meee elawajometype te the irregular galaxy. As. the name 
implies, these galaxies have no spiral arms, no concentration 
Of sirens sinestnescentral region, and no symmetrical.shape.++Only 
about three percent of all galaxies observed are irregular. 

Yet the two Galaxies nearest to ours in space--the Clouds of 
Magelben—--ere ofethis, type (Figure 12.30). They can»be-seen 


from the Southern Hemisphere and are large compared with the 


apparent sizé of the moon. 


hones 230. 
The Clouds of Magellan. 
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Photographs of galaxies may make it appear that they are 
practically ‘solid masses of stars! Actually, cNe sta ssewl ema 
distant galaxies are as widely spaced as they are within our 
own galaxy. Thus a galaxy consists mainly of empty space. 
Between galaxies space is even more empty. Though hard to 
really appreciate, the emptiness of the universe is one of 


IES, ieiskia EINEUCACESICU SELES c 
PROBLEMS 


1. What do you think would be the appearance of star 
patterns in an elliptical galaxy as seen by an observer near: 
a) ats centere 
b) its edge bub stil wien: 


2. What do you think would be the appearance of star 
patterns ina spiral galaxy as seen by an observer near: 
a) its center? 
b) ats edge bUt “Sti wine eet ee 


3. What do you think would be the appearance of star 
patterns in an irregular galaxy as seen by an observer near: 
a), “Les. centen? 
b), its edgé but ‘still within™a&? 


4. Figure 12.31 isva photograph of = large pom ono. 
our own galaxy, the Milky Way. The sun is one of the birilicns 
of stars in the Milky Way. What type of calesn) doyousthiak 
the Milky Waysjis? De youNbhtink that tiessummiswlocated sim 
the central region of néarer the outer portiom of “Chergalaxy« 
Give reasons to support /yourvanswer based on the anirorme tien 


contained in this section. 
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5. -Whieh of these statements do you think is more 


accurate? 
ay) “laeiw nicnt a star.in, the-Z Galaxy became a 
Hove 
boy bese tone jalnoeva was observed in the Z 
Galaxy." 


EXO Lai TieyViour .cpoOLee. 





Figure 12.31. The Milky Way. 
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TEACH Ek 
MATERIAL 


GALAXIES 


otars are not distributed evenly throughout space, but occur 
in groups known as "galaxies." Most of space is empty. 

Galaxies may be classified es spire!, elie ace roo 
iereqular. 

Virtually all celestial objects which are visible are 
Darts Of our own Galaxy, che Miia ky Wave 

The reading material and photographs are. intendedmre 
give students background on the existence of galaxies and 
their characteristics. Problems) 1-2 are antended toslead 
Student's gto the. conelusrons tha tmoures tememstnees Wi wie 
located .nga galaxy, and: that ~ie gis on cne ts ital. type mens 
that our location is toward the edge of the Milky Way Galaxy. 
For this reason it is recommended that you not answer questions 
ofFehe form, "What sort of ‘Gdlaxy reewe Io" Mince membems 
Of thepelass: have, had» an Opporeunseyaco Ti nkwicare ul ky abome 
the problem themselves. 

The Andromeda, Galaxy as alse Knowntas: Mok, butgnoe 
mentioned by this name an the text. Dherreasonmas thac, 12 
Observation D.5, found in Appendix D, students are sdirecred 
EO Took TorstMs1.". Those who, arevable to locate, chic scam 
object may be able to associate Andromeda and M31 without 


Deine Seo lc Gor seherr den taney. 
PROBLEMS 


1. a) An observer located near the center of tan 
elliptical galaxy would probably see large numbers of stars 
regardless, of the direction in whichehe Vooked. 

b) An observer located near the edge of an elliptical 
galaxy would probably see large numbers of stars in one direc- 
tion (looking toward the center of the galaxy) and few stars 


in the other (looking out of the galaxy). See Figure T-12.1. 
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Figure T-12.1. 





observer 


2. ale AmSobsérver located hear the center of a spiral 


galaxy would probably see many stars in every direction. He 





might see particularly large numbers when looking out along 
tie planerot the .galactic: disc. 

b) An observer located near the edge of a spiral 
galaxy would probably see a heavy concentration of stars 
along a narrow band (toward the center of the galaxy) and 


BeWeENetersnily Stieredirections.. see-Paigure T-12.2. 


Figure T-12.2. 





observer 
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3. a) An observer located near the center of an irregular 





galaxy would probably see large numbers of stars in every direc- 
tion, with heavier concentrations in some directions. 

b) An observer located near the edge of an irregular 
galaxy would probably see large Concentra ti Onsw On estarea. am 
some directions and fewer stars in others, with no distinct 


pattern apparent. 





A, Figuretl2.31) mose, closely wescmbleset lic description 
of Space aS Seemuby an observer mear tne edge Of ka, Spica 


galaxy. Students should be able sce seconciuge that, the-sun 





could not be near the center of any type of galaxy. If it 
were, the high density of stars would not be rest rictedsecola 
path like the Milky Wal. | 

From the central reglom Of an ellipercal ocaso mas 
Galaxy, meny Stars would be visi plein sdurecuione. 
Although the density of stars Maightenot be SOsuni Leos tomeas 
irregular galaxy, still there would be no well-defined) seguon 
in which the stars are concentrated. 

From the portion of the Milky Way shownlin Figure. 2.5. 
SUtUdENtES COUld inter Ehal Our Gales yVeeLomcceuro limoe seqme mmc 
CONCENtTration Of Stars in a band. Some studemesamayese,aenee 
the Mulky Way as probably @ spiral, since, SOs percent (OGeeae 
Galaxies observed are spiral. This, coo,. shows uqood ps aeacinG. 
Some may say that no judgment can be made since the photograph 
includes a relatively small region of space. Encourage all 
answers, but (more importantly) Yaskustudents to support their 


answers with logical arguments. 





After reviewing Probiems 1-4 with the students, you may 
want to discuss the Currenuly  acceptedimode™ of our galaxye 
The Milky*Way isa hugetcolmection of stars--some 100 
billion of them--in a group shaped like a fried egg. These 
stars are held together by gravity. When one looks toward 
the rim of the Milky Way (see the arrows labelled A in Pigure 
T-12.3), there is a path, or band, in which more stars are 


concentrated. When one looks in other directions (B arrows 
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imeafigure T-l2.2),. there are fewerustars and the sky appears 


darker. 


p 8 g 10,000 light years 
earth 


Bog B | 
L_ 30,000 light years 


100,000 light years 


Figure T-12.3. Cross section view of the Milky Way Galaxy. 


5. tthe probleme wntended toeteocus attention on the 


ractethat Ligne ageivmeltcm? PONNT or mort epabtes OL te Universe 





bears with it information concerning events which happened in 





the distant past. piesume mova invquesieion Occurred in, say, 


the Andromeda Galaxy err eWwouLls Len c EWOo Mami aOmeyecars for 


light signaling, themevent co, reech Bartn., Therefore it is 





preferable to say that the event was observed last night (the 


b answer) than to say it occurred last night. 
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NEBULAE 


One of the first men to look,»at. the Milky Way through a 
telescope was the, Italian scientist, Galileo. In 1610 he 
wrote that the telescope enabled him to see individual stars 
instead of a hazy bright band. 

William Herschel, the Bngiis® astronomer; wio discovered 
the planet Uranus in 17Sl) also. observed thatt sears sorecemore 
concentrated along a line through the! center of the Milky Way. 
Herschel noted too that a hazy glow could be seen among the 
stars. on both sides of the line; Parough the, cemten ee oun 


galaxy. 





Figure 12.32. Sir William Herschel (1738-1822) 





A cloud ef gas or dust that appears/acys haze cooumue 
the telescope is called a nebula (neb.u, las) pluralsenepuaae 
Nebulae may be divided into two main groups: bright nebulae 


and dark nebulae... Bright nebulae can bé seen fom one rotecwo 
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beesons: hither Chey give off their own light, or they 


reflect light from nearby stars. Dark nebulae neither reflect 





nor give off light. They are visible because they block out 
light from bright objects behind them. A great deal of 
ticerstellar Gas eandedust 1s spreads through soursga laxy. 

Most of it is located near the center of the galaxy (from 
rim to rim) rather than being spread evenly throughout the 
space between the stars (see Figure 12.33). The density of 
this material is very low--far lower than that of the best 


VacuumMonMmatehaseereated in the laboratory. 





Figure 12.33. Most of the interstellar gas and dust in our galaxy 
is located in the shaded area. 


PROBLEMS 


Figure 12.34. 





gure 12.36. 





evquvres 2 os4.) le. oD, and 12.36 
nebulae. One nebula is made of dust 
eo Odedes tan. And One 1s a clowing 


that the types of nebulae are bright 


Pe oeldentizy tie cype or nebula 
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are photographs of 
particles. One is an 
Mass of Was. “kecall 
and dark. 


shown in each figure. 


2 ee Woten sigurerdo you think shows’ an exploded! star? 


Give reasons for your answer. 


3. Which nebula do you believe 


hare; "Give reasons, for your answer. 


has the lowest tempera- 
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TEACHER 
MATERIAL 


NEBULAE 


PROBLEMS 


lV. Figure 02.3418 a dark mebulas” This ~horogrepa 
shows the "Horsehead" Nebula in Orion. 
Figure 12.35%is, 4 bright. nebula. “It tesicalledmi lee 
Lagoon" and te ain the “constellation Sagittarius. 
Fiemre 2.36 isealso aibright nebula. sale toe 


NCwelo Nelouia, sia, Wawieudsye 


2. Figure 12.36 shows the remains of a supernova seen 
and recorded by the Chinese in the year 1054 A.D. Students 
may suggest that the bright filaments séen in Figure 12.36 
look *Like sjets.of gas, trom an explosvon. ~The Gasecloucdwi 
Pigure 12.35 has no such distinctive shape. “ine nebulamaa 
Figure 12.34 is dark and resembles a cloud rather than an 


explosion. 


3. The "Horsehead" Nebula (Figure 12.34) has the lowest 
LemMperature wbecauise the mattervin Te sis Noe moe enoudi™ 2° 
Givemorr lignt.. yin Investigation 12 4estudente. sounds. jar 
the Mottern an object is, the more Ti@nt 1c svesmorn. 


i aed 
——s 
4 = 


no. sad he 


‘\. 


S 3 
4 VB Je 


‘4 





416 


THE FORMATION OF THE UNIVERSE 


Until the invention of the telescope, the term universe was 
used to include not much more than the Milky Way. No one 
realized-just how much is "out there” or how relatively “email 
is the space the sun and its surrounding planets occupy. 
Scientists have proposed several models to account for the 
beginning of the universe. The "Big Bang," the “Sveedyes cave, 
and the "Pulsating Universe" are the names given to three such 
models. It is impossible to present complete descriptions oF 
the models here; to do so would fill many books the size of 
this one. However, the basic ideas in each of the three models 


are presented for your consideration. 


lL. According to the Big Bang model, some 10%tog tas omaten 
years ago all matter in the universe existed in a single compact 


mass. As particles of matter attracted one another (by gravity) 





the mass became more and more dense. The resulting pressure 

at the center of the mass produced extremely high temperatures. 
In time the temperature rose so high that a huge explosion 
occurred. The "big bang" forced the matter out in all directions 
at tremendous speeds. During the explosion, all the chemical 
elements were formed. As matter continued to move out from 

the explosion, some condensed into clouds of das andeausc- 

these eventually formed the galaxies and sters. The Bigeeang 
model predicts that matter—-most of it: now in the form of 
galaxies--will continue to move away from the original site 


On the explosion. 


2. The Pulsating Universe model also pictures the universe 
beginning with a great explosion and expenelon Casmeourcu. 
However, this model predicts that at some times bi2 en enoe 
years after the explosion, gravitational vatitraccionn vernon 
galaxies will cause them to stop speeding away fromseacheothie: 
and then. to rush inward again. They will become a compact 


mass, then explode again, and the cycle will be repeated. 
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3. The Steady State model suggests that the universe has 
always existed in the form we see today. As stars and galaxies 
move out of our sight, new matter is formed to replace that 
which has disappeared. In other words, the density of matter 
in the universe remains fairly constant, and the distribution 


of galaxies (matter) is relatively unchanging. 


These models have been the basis of discussion among 
scientists for many years. As you know, the value of a model 
depends upon how well it explains observations that relate to 
Pe LeoetnOOssTOle=to prove Ehat-any™~or the models’ is* correct. 
Indeed, few (if any) of the models man proposes to explain nature 
Can be said to.be proved correct. No one knows how future 
observations with new instruments will relate to a given model. 


it is sometimes possible. to show that a model is in 





error. This igs the case when the model does not explaina 


Cecrarneoucercvatvon. LWihen ut muse bewrmevised (OG discarded. 


PROBLEMS 


TeeelieerOlvOwing Lc a Drier Vist of observations Scientists 
have made about the universe. Discuss them in class and decide 
Wiemnem weno sOOSeeVeulONs suppor eus (HOt Drove) Or “contradict each 
model. 

Observation A: All the galaxies seem to be moving 
away from each other, just as points on a balloon move apart 
Asecve Watloon as, 1nt lated. 

Observation B: Some galaxies appear to be moving 
away from the center of the universe so fast that the gravita- 
tional attraction of the rest of the universe will never be 
able to stop them. (Rockets launched into space from the earth 
must reach a speed great enough to overcome, or escape, the 
Gravitational pull of the earth. Such a speed is called escape 
velocity.) 

Observation C: Astronomers have detected sources of 


energy more than one billion light years away. They produce 
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energy by some method completely unknown on Earth. No nearby 
galaxy seems to produce energy in this way. Light that reaches 
Barth from a body one billion light years away was produced by, 
a process that occurred one billion yearss sco. wa lieretonge. 
scientists have suggested that the energy-producing process 
which occurred in the universe long ago is different from those 
going on now. 

Observation, D:. In.the explosion of ansatomic. or hydrogen 
bomb, matter is converted (changed) to energy. The sun's energy 
is produced by a process similar to that inva hydrogen mbombe 
In the laboratory, scientists have also succeeded in converting 
light energy to matter. 


2e Which model provides the best basis for an explanation 


Of Ene OGiGginsoLmcNemuUniveroar 
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TEACHER _ 
MATERIAL 


CHES PORMATION OF THE UNIVERSE 


The three models relating to the origin of the universe are 
necessarily brief and do not describe all facets Of the models. 
Also, some of the more sophisticated concepts built into the 
models are beyond the scope of this book. Library research on 


the models should help interested students with Problem l. 


PROBLEMS 


1. Observation A: All three models can account for 
the movement of the galaxies away from each other. The 
galaxies should move away from a common point of origin 
according to the Big Bang model. The Pulsating Universe 
model contends that such movement will stop at some time and 
reverse itself. The Steady State model proposes that galaxies 
that move out of sight are replaced by "new" matter formed 
from energy in the universe. The energy is supplied by 
radiation from older galaxies. 

Observation B: Some astronomers have calculated that 
many galaxies are moving at a speed great enough to overcome 
the gravitational attraction of the other galaxies in the 
universe. These calculations are based on estimates of the 
masses of known galaxies, the distances between the galaxies, 
and velocities of the galaxies in relation to each other. If 
these calculations are correct, the Pulsating ae eae model 
must be rejected. 

Observaulon Cs) (Oudsars are distent bodies that produce 
light energy in unknown ways. If this process of energy pro- 
duction is unique to a time more than one billion years ago, 
then the universe must be changing and the Steady State model 


must also be changed or discarded. 
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Observation Ds The ability to produce  mecver er rom 
energy in the laboratory suggests that a simvler) proces. a0 
nature could replace “lost! matter in the universe-—-tiue lending 


support to. the Steady Stave moder: 


22, Students will probably Want Uro "press ror. amCcomc lth. wom 
that completely accepts or rejects seach modeloe Shvencia ling: 
however, the class discussion should stress the value of a 
model in helping man to understand something that cannot be 
directly observed, rather than the "correctness" of one model 


or another. 


418c 


INQUIRY DEMONSTRATION: Distances Between the Sun and the Planets 


This demonstration is designed to give students an appreciation 


FOES lew relative voeizesOr tne solar system. .~For best results 


eS VOLMCENO CuCl OMe OUaOmECOotmsmancd mc lose. FO Chew rime thie 


eless 45 discussing, formation of the golar system which 


follows immediately in the text. 


Materials 


Kite string (about 100m) 
Mette Geo rck 
Towel tubes (toilet tissue tube, etc.) 


Knife 


Procedures 


BN 6 





(To be done before the class meets.) Split the 
end Of a tube with the Knife to a depth of 2cm. 
Wire one end of the ball of string to the middle of 
the tube. Pull out a length approximately 36cm 
WOrCeeie CULL  EMeestling. Wine the String around 
the tube and tuck the loose end in the split end 
of the tube. Label the other end of the tube 





"Mercury, wile” “Al a scale fem = one million miles, 
the string represents the average distance of 


Mercury from the sun. 


Repeat Procedure A cutting appropriate lengths of 
String to represent distance from the sun for the 
remaining planets. Label the tubes "Venus, #2" etc. 
When finished place all the tubes in a box and close 
tie lid. see, Figure P=i12.4 for actual distances 


and scale distances. 
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AVERAGE DISTANCE 





PLANET FROM SUN IN MILES STRING LENGTH 
Mercury 36 miliidon 36cm 
Venus 7 Mie Le in 6 7em 
Farth Chew wiquielbaln eye 93cm 
Mars A Zee ieeya: 1.42m 
Jupiter AS on Meron 4.83m 
syohelehayel Sco im Liem 8.86m 
Uranus IGF Rey welll ae sike yay Leo ae 
Neptune 2AQO mI sein 27.9 Om 
Pade 36 (Sy ma I Om 36. 75m 








Figure T-12.4. 


oe 





Before Going OUtSide "ToOMconauice Ene dememestmarian. 
select ten students and have them draw or select 


iieom i wo LO, Melee Sure Gach Or ile 





numbers 


students knows (and remembers) his number. 


Take the class (and the closed box of tubes) outside 
to an area at least 40 meters at its longest® dimensaon. 
Call 





for student number ten. He is to represent the 


sun. Hell une class that: théy are odds comeom acre 
a Miniature solar system and) that, tne vormer wine 


students will represent planets. 


Call for student number one and announce that he is 
tO réptresent the planet Mercury. “You may soaveua. 
much (or little) information about the planecmec 

Hand him the 
tube and direct him to give the loose end of vine 
(the Allow him to 
Unwind Nis String to its Tuli engin. sstolimcae 


class of the scale to which the miniature solar 


yOu TeelBappropriate. "Me sGiaiayeU 


SEriIng co -Seudene tem Ne Uae 





system will be constructed. 


418e 


FP. Give the remaining eight students their strings, 
SAC Nec CL eCclssing Gach planet as you do So. 
Wihemleompleced, ask the class to study the dimensions 


of the system. 
QUES TLONGe OR Discuss LON 
Ee NeleUn Das ag dtameter of abour 660.000 miles... How 
large would it be on this scale? (8.6mm) How large would 


the earth be? (approximately .08mm) 


2. The moon is about 240,000 miles (average distance) 





SooOterie roams ovecias. che “lengrh” of a Erip to, the moon 


Compared, tCOra trap, to, Other planets. 
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THe PORMATION OF THE SOLAR SYSTEM 


Modets hevevalsoubeer proposed to account for the origin of 
the solar system. 

Before gaining wide acceptance, a model has to account 
for all thay as known abeut the.subjeakt it\deals with--in 
this case,/the ‘solar system. 

Wheat ts know abour ouresolar system? ErParst, it consists 
ef the sun, nine planets and their thirty-two moons. Also 
Enere are chousands, ofeasteroids. comets,fand meteors,’ and a 
Geeacydcalsor duse and, gas.- The sun’occupies, a central position 
in tiisssystem. The planets=circle ‘around the, sun in the same 
direction, and their paths are generally in the same plane 
(Fieure 12.2/)-The suns itself, sis moving; it completes a rota- 


tion on its axis about every twenty-five days. 
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Mercury Jupiter Uranus Pluto 
| Earth | | 

OO 5 fe) Ge. oS QeOrs 
Venus Mars Seiad Neptune 


Figure 12.37b. Sizes of the sun and the planets, to scale. 


Pluto-3675 million miles 









Uranus-!787 million miles 
Earth-93 million miles | 








ie} O ° 





ie) (e) 


Figure 12.37c. Distance between sun and planets, to scale. 


The.sun is by far, the largest. member of the solar system. 
The smaller planets are Mercury, Venus, Earth, Mars and Pluto. 
MWeSemere Cemise and compace, cOmparccswith tie wlarge pilaners—— 
Jupiter, Saturn, Uranus, and Neptune. The solar system is 
estimated to be about five: billion years old. 

When men believed that a flat Earth was the center of the 
universe, early ideas about the origin of the solar system 
made sense. In modern times, several models have been 
accepted until new evidence caused them to be revised or 


discarded. 
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In the middle of the 18th Century, the German philosopher 
Immanuel Kant suggested that the entire solar system developed 
from an enormous clotid of gases BA French séleneis er ler= 
Laplace, was thinking along simitear Lines. The Nebular 
Hypothesis, as their model Game to) bejcalled,  aseume= tiara ric 
cloud of gas was rotating. Gradually las it condensed worsbecans 
smaller and more compact, the cloud became hotter and the 
speed .of rotation increased. Finally, this, Glowing masa, caer 
out rings of gase The jcentral mass became Che sun rand sre 
Pings CoO led mend condensed to form the planets. 

One serious weakness in the Nebular Hypothesis is that it 
fails to account for the slow “etetion of the sun.9 2a hogy wo 
American scientists, Chamberlain and Moulton, pointed out another 
fault in the model. They ofteredmconyincing argument em tars. 
Nem Gas woulldenoe condense. ro form planets put would move out 
Ie LOCOt 

Chamberlain and Moulton proposed a different model for the 
formation of the solar system. They suggested that a star 
once passed so close to the sun that che star's force chigravicy 
pulled some material away from thepsun. Bihey proposed) cmon cen 
bands of material were pulled out. These remained in orbit 
around the sun and condensed through thousands of years. Hight 
became planets. (This model was developed before the discovery 
of Pluto.) One band never fully condensed, and it became the 
belt of asteroids--thousands of small rocky bodies circling 
mainly between the paths of Mars and Jupiter. The Centhy band 
was proposed to account for an undiscovered planet suspected 
to be orbiting beyond Neptune. 

However, this model also has flaws: The chances that two 
stars would pass so close together are very slight.) To 111ue= 
trate: Suppose you left the United States in a rowboat heading 
for Europe, and an Englishman set out in a similar boat heading 
for America. The two boats would have a better chance of 
meeting in the ocean than would the two stars in the vastnece 


Of space. 


akeqanee: IG Shee 
The Dust Cloud model. 
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Several years later, other scientists raised another 
objection. They could find no reason to suppose that the 
bands" of material called for in the model would condense to 
become planets. 

The Nebular Hypothesis of Kant and Laplace has been revived 
recently with some major changes. In addition to the stars, 
clouds of dust are scattered through the universe. The revised 
Nebular Hypothesis is called the Dust Cloud Theory. According 
toecire model =prenets are’ formed when e slowly spanning cloud 
Sfeoac and salstsconcewses. it the dust cloud Ve rotating 
repidly, ehe=materiar condenses into two or more stars. And 
wen ce lOUdRis Now spimning at all,* then a sings ec, terge’ scar 
is formed. But if the speed of rotation is moderate, whirlpool 


regions, called eddies, may develop (Figure 12.38). 





The whirling gas and dust are pulled together by gravity, and 


the eddies eventually become planets and moons. 
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Gravity would cause the greatest concentration of material 
to occur at the center of the whole cloud. As the material 
becomes more concentrated near the center, collisions between 
particles are more frequent and more violent. Finally; collisions 
occur often enough and with enough force to start a nuclear 
reaction, and the central portion becomes a star, such as our 
sun. 

About a third of the visible, stars are; multiple. eAccoraing 
to,the model, these would.have beens formed, from rapidly panna ag 
clouds. of gas.and duse. .It is, ,reasonable, to. suppose @aaty other 
clouds, spinning more slowly, have produced star-planet systems. 
This has lead astronomers to predict that there may ‘be many 
solar systems in the Milky Way and in other galaxies too. 

In summary, the Dust Cloud Models accounts, fore ties properiLes 


of the solar system in the following ways: 


1. Observation: All members of the solar system move 
around the sun in the same direction and in about the same 
plane (Figure 12.27). 

Model: According, to° the model, the dust. cloud was 


rotating, and the spinning should make it spread out in a plane. 


2. Observation: There are many relatively small members 
of the system, such as asteroids, comets, and meteors. 
Model:, These probably resulted from-the small eddies 
that formed in the rotating mass. 


3. Observation: The planets are relatively far apart, 
and many of the planets have moons. 
Modet® A planet and its moons (iff any)) woulde.orn 


from an eddy that gathered material from a large region. 


4. Observation: The sun is in the center of the solar 
system, and it contains much more material than is found in 


all the other bodies in the system combined. 
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Model: “Gravity should concentrate the largest amount 


of material at the center of the system, and the nuclear 





reaction should start where the pressure is greatest. 


Trembue: iclevudeMedel does not satistactorily answer all 
QueSseE Ons eaboul, Ene formation “of -the rsoberssystem, —buUt 1t.is 


now the most widely accepted model. Like any model, it is 





subjects to whange when new evidence is, presented that does not 


eve existing ideas. 
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TEACHER 
MATERIAL 


THE FORMATION OF THE SOLAR SYSTEM 


In this section students are presented with two models concerning 
thesorigin of the solar systems athe Nebulear or svUserC oud. 
Model; and the Two-Star Model. Interestingly, the Nebular 
Hypothesis was proposed in the last half of the 18th Century 

but was generally discarded) by the beginning of the 20th Cenvury. 
For the next forty years or so the Two-Star Theory seemed more 


plausible, until several inconsistencies were revealed. 





Since 1950 the older model--with some important revisions—- 
has been more commonly accepted. 

One of the Aamportant concepts stor students Antehtomseccion 
is that a model should explain the facts as we currently under- 
stand them to be. With the addition of new ideas or new inter- 
pretations, the model must be either revised or rejected. In 
the latter case, a new model has to be developed. 

New evidence was introduced to demonstrate that the material 
pulled out of one star by a chance encounter with another (by 
either a close passing, a Sside=swipe, on anv ectualncollieonm) 
would not condense into planets. Instead, the material would 
eseape antol space or fallback into the sun.) Tha sGocernes 
with the improbability of the encounter, caused the Two-—Star 
Theory to be abandoned. 

in the Dust Cloud Model, the earlier Nebular Hypothesis 
has been revised to include the presence of smaller whirlpools 
within the enormous mass of rotating dust. After these condensed 
to become the planets and satellites, the remaining dust was 
forced outward by radiation from the sun. The larger planets 
were farther from the sun, so they were affected less by this 
pressure. As a result, Jupiter, Saturn, Uranus, and Neptune 


retained more low-density material. 
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The forming of a solar system is now thought to be a 
fairly common occurrence. Given the fact that there are about 
100 billion stars in the Milky Way Galaxy, the probability is 
very high that numerous such systems exist. Some of these 
MLGNtesuppDOrcML I nem rors. 

Finally, 2f£ the billions of other galaxies in the universe 
are included, the probability that we are not alone becomes 
Slane veant. ee .OUMMLONeGawant to discuss: this likelihood with 


your students. 
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PAST, PRESENT AND FUTURE 


The three photographs in Figure 12.39 show volcanic activity 
in the North Atlantic Ocean near Iceland. How would you 
arrange the photographs to show a correct sequence of 
activity? What additional information would be useful in 
arranging the scenes in their proper order? What do you 
think a photograph of the area taken today would look like? 
What would a future photograph probably show? 

The questions asked are difficult ones. However, with 
some additional information and a knowledge of earth processes, 
answers are possible. 

A study of the earth, its position in space, its life, 
its weather, its structure and its oceans presents the 
curious observer with similar kinds of problems. 

What the casual observer sees of the earth today is in 
many ways like a stop-action photo taken during a very long 
sequence of change. Taken alone, such a view provides little 
insight into the vast scale of interactions that shape the 
earth's history. Careful observation can provide you with 
other "photos" in the sequence. A fossil footprint may 
bring to mind a stop-action image of a previous form of 
life. The size of crystals in a rock may indicate the rate 
at which the rock cooled. 

In some areas of study there are many "photographs" 
to help in piecing together the sequence--in others there 
are few. 

After gaining a knowledge of the natural processes 
that produce a sequence of change you can even make logical 
predictions of future change. 

It is hoped that your study in this¥coursemwaddenelp 
you to place your present view of the earth in its proper 
place in the puzzle. And, perhaps more importantly, it 
will help you to judge the total effect on the earth of 
changes that man proposes. 
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Figure 12.39. 
Surtsey: 


Three views. 





APPENDIX A: Metric-English Units of Length 


English to Metric 


1 mile = 1.6094 kilometers 
dl \evate aes 0.9144 meter 

1 foot = 0.3048 meter 

1 inch = 2.5400 centimeters 


Metric to English 


1 kilometer = 0.6214 mile 
1 meter = 1.0936 yards 
1 centimeter = 0.3937 inch 
lL millimeter =):0.03937=inch 


Metric to Metric 


1 kilometer = 1000 meters 

1 meter = 100 centimeters 

1 centimeter = 10 millimeters 

1 meter = 1 million microns 
1 meter = 1000 millimeters 


APPENDIX B: Fahrenheit-Celsius Conversion Scale 


°rahrenheit “celsius 

#22 -|- 50 
tes) -|- 45 
104 -|- 40 
IS -|- 25 
86 -|- 30 
Wh -|- 25 
68 -|- 20 
aN) -|- aS) 
50 -|- 10 
41 -|- 5 
a2 -|- 0 
23 -|- -5 
14 -|- -10 

i) -|- -15 


ay -j}- -20 


Ca 
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A : 6 oo 
STAR CHART: Directions for use. Ons 
Assemble as indicated on SSS a4 
opposite page. Turn the VA Ee GCA 
chart so that the present y oe % 
date is at the top. Face V4 aa %, 
north at about 9 PM Fo Ce Go a 
and hold the chart up dni : Os ee or are ine | 
at arm's length. 4 Gp a y 
Use a small flash- CY, i o 7 
light to read the LW sleet 3 i 
chart. The stars R yy on a iS 
and constellations Ry ‘ % “ ee 
will be in the 1] : ye ook * 
same positions ay # % 28 oe 
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Cut out this portion of the 


chart and fit it to the 


straight edge of the portion 


Fasten 


in place with transparent tape. 


on the opposite page. 














OBSERVATLI 





Fomalhaut 
determine 
the stars 


star seen 


APPENDIX D: otar Observations 


ONT Ds Locating oma lhaut 





is one of the stars used by navigators to help 





hocec lon. “ie Ws) tne erghteenth Drightest of ail 
iniie sky. Fomalnaut 1s the ehirceenth, bragitest 











From) most Dekres of North América. It may be seen 


between mid-October and mid-November. 


best time 


Ss) for viewing: 





Proc 


EX 6 


October 20 
OE CODE Lat] 
November 4 
November JL 


November 19 


edures 


Devernine the) time 


70) 0) 
See 
=101@ 
3 ge 
ZO 


Se OO CoO 





pe 
De 
pe 


Me 


Ml 


Me 


em. 





(Pe Tk. 


ror VLewing 


select. These times are given 


le. MeO Loma eice Vine 





on the date you 





POrewOce eLiG suiNe 


Sieclisme OMe EMO m SOU Mee Man m@ladmZ@lalr Fomalhaut can 


be seen earlier than indicated by looking south- 


easterly. It can also be seen later in the south- 


west sky. 


Kace south ang look Wp about one fourth of the way 


ErOMLNe WMOriZOn LOWebO Straight Up. “Look for ene 


DEWONBeSE Scar Atm, Ghat pate Of the sky. IhLS is 


Fomalhnavt.s “Record the color and appearance of the 


star. 
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TEACHER 
MATERIAL 


OBSERVATION Dit: “Locating, Zone laawe 


Because of its position low im the southern sky, Momathaur 





may be difficult to observe fom morenerly 2eeavitons. 





Position of the star is:indicaved on tie stan eenar. 


Appendix C. 


Procedures 


NSS 


Bre 


No comment. 


Fomalhaut appears blue-white or white. It may be 
reported that’ the star was “twintkieimeg.™ Stare 
appear to twinkle due to the movement of air between 
the viewer and the star. When the viewer looks at 
the sky directly ‘overhead, he is loom enrounn 


less air than when he looks at the sky near the 





horizon. Theneroce: stars meat thea momlzome seem 





to twinklé, while;those overhead’ dommner. 
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OBSERVATION D.2: Times of Kising 


In Investigation 2.6 you observed star groups that could be 

seen in all seasons. The circumpolar constellations swing 

around Polaris throughout the year; they never vise onmser. 
This is not true of Othery constellations.) ine, scandor 


be seen every evening of the year. These stars appear to 








rise and set much as the sunvand che moon do. 

You can check how much GCarlvermsor Water avciter i vscee 
from one evening to the next. 

This activity may be performed at any time of the year. 


However: it is closely related to Investigations) 226 manag s.2. 


Procedures 


A. sometime after dark, faceseast, and @lockecce enema, 
near the horizon. Select a-star you Cam easily 


HAUG! ENON NALS 


B. Make a note of some object (a tall tree, the point 
of a roof, a telephone polé) that you can line up 
with the star. Move until the star weeens pro eese 
on the edge or point of the objeces sDrives acme! 
stake into the ground where you are standing, and 


nete Ehe exact time. See Figure Oi 


C. Return to the stake a few minutes, earlier vonetme 
following. evening. Be sure you @ré stamdimg am the 
same position and! Sight the same starmovers une 


object. 


D. Note the exact time at which thévstar apoecr=mto 


rest on the same: object. 


Interpretations 


ie id you see ene star in the same position earlier 


Om was it latervony thee second: evening? 


te HOWL Me Sa tierea yor Meicein weiss iis? 


Ge HOVMUGINGitzsetenee "lil chere be am ema smomtc inl) aa 


Pie sem= amount Of Cneange takes place iGach day? 





4. if the same amount of change occurred each day for 


a year, what would be the total annual (yearly) change? 





nL a 


ha 


a 
Figure D.1. 


Procedures (continued) 


F. Check the same star a week or more after you first 


ebeerved it. Note the time at which it appears in 


the same location as on the first night. eto ice 


average number of minutes change in time per night. 
Interpretations 
5. What advantage might there be in spacing out your 


observations rather than looking at the star on two successive 


nights? 
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TEACHER 
MATERIAL 





OBSERVATION Diz: Times of Rising 











iis eeuivity Vrovides Packoround tor Investiqation 2.2. 





PLUCENtLS ake asked to observe the position of a star on 





two successive evenings and record the times. 


Procedures 


A.-D. No comment. 


Interpretations 


Teor Cee Secor evening, ster s "are Amt cite isale post cl 1Ones 


earlier. 





Cee Se Ch Sl emC OMe —aCCUratelLy. ane sLudentsrsnculd 








Nore thal Stars -eesurn to the Same positions four minutes 


earlier each evening. 


= 


Secs Moni the Cirterence: emounts to 120° minuves, 








CxammeiOm lO Uias = 





Ae lone Veer.) Une cditterence is 24 hours: sthemerore 





the stars wili return to, the same positions they occupmed, 4 


year before. 
Procedures (continued ) 


BE. The average difference in rising time will be equal 





EOE COtaRUMNDe a On wMiLIMULaEesum Gait erence ican eed 











by the number of days between observations. 
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Interpretations 














5. Very siight ditrerences imevye Locarton coulcmcauce 





a minute or More error in Liximo mene Veiime (OF, seive. = au tae 
the observations are spaced OUrpbymsevicte ly days. soi ime amore 


in sighting will be divided and ehus minimized. SOs liga ivel ss 








the lavge ditrerence 1m) Pi simeecimewover., say. a wom ievasin 





make it apparent that stars are rising earlier even if the 


Cxaceu amounme Of: came "canwon De Gece rammed. 


D=5 


Constellations 


Le you haqc™a map of the world in front of you and were asked 
to find Addis Ababa, you might need quite a bit of time. 
However TTeVOU Were  cOLdstiat sLhetci ay Da cietee cConginent of 
Aioica, in Ethiopia, and *srcuated -approximately 9° North 
latitude and 38° Easting veude my cumeoulamrindmitreaculy. 
Similarly tr lts casmermco shocate se star Te syOuserentold 

which large group, OmmeenseeMation., @t Vs 1m andvabe given 
some instruction in identifying constellations. 

There are 88 constellations. The names of the constellations 
have come down to us £rom several ancient civilizations. Some 
were named for the objects they seemed to resemble. Others 
were named in honor of a god or hero. Not all constellations 
abe visible from anyone, Vocac10n. sWilEnea Map Oietaieusky, you 


can determine which are visible from your latitude. 


OBSERVATION Dury) = Locating, the, Great oquane of Pegasus 
(November-December ) 


Procedures 





A. The Great Square of Pegasus can best be seen between 
November 1 and the end of the year. Consult Figure D.2 
for the suggested viewing times. You can use this 
table to obtain the approximate time for any evening 


in the three-month period. 





November 1 9200) pei. 
November 8 8:32 Delle 
November 16 S200 Fp p.m. 
November 23 PSS Zip eMll's 
December 1 7:00 p.m. 
December 8 Gewic Ds il. 


i ce EEE EEE EEE IEEE ESE 


Figure D.2. 


B. At the proper cime ong lhe Idaresyvou Sselecu er acescourm, 
Look up rather high, buewnow overhcad ss el ide.omT 
Stars that mark OUU (an) epporoxeimel ce scclial eS sme die 
part of the constellation Pegasus the Horse (Figure 
Deere The rest of the constellation is difficult 


to see. 


Great Square 
of Pegasus / 





Figure D.3. 
Interpretations 


1. Which of the four stars in the Great Square appears 


dimmest:; “DO thesstars twinkle? 


TEACHER 
MATERIAL 


OBSERVATION D.3:)bo0cating the Great Square of Pegasus 
(November—December ) 


Procedures 


A.-B. The Great Square of Pegasus is an easy group of stars 
tO pLOcete nigh im the southern autumn sky. In the 
table. students may, be.able to see. Chat: the, best 
viewing time occurs four minutes earlier each 


succeeding evening. 
Interpretations 
1. The dimmest star in the Great Square is in the southeast 


(lower left) corner. These stars do not appear to twinkle much, 


Since they are high in the sky. 
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OBSERVATION D4: "The Sun Stands Still (December - January) 


Your first gnomon record was probably made on or near 
September 22. At that time days and nights were of equal 
fengins. .such a time ws called an equinox, from the Latin 
mednang Tequaly night.) Ay solstice. from the hatin ¢'sun 
Seater stains, OCCUrS Om Or about December) 22. At this 
time nights are as long as they-will—become, and days will 
begin eto lengthen. 


Your work with globes and light sources may have suggested 





that changes in lengths of daylight hours are related to the 
tile Gs ethevearth's amis. ln this observation you will’ compare 
@q@nomen records made at the equinox andwat the solstice. By 
doing so you should be able to measure the degrees of change 


in tilt of the earth's axis between the two dates. 


Materials (per team) 


Outdoor gnomon record for a date close to December 22 
Globe with indoor gnomon 

Protractor 

Centimeter cule 


File card 








Figure D.4. Earth axis perpendicular to light rays from sun; 
gnomon angle (A) equals latitude angle (B). 














7 
en : 





Figure D.5. 


A. 





Procedures 


Examine Figure D.4. It shows thet thesaenqle emene 
top of a gnomon is equal to the latitude of its location. 
Bute this is *trdetenkyawhenernays Of light {romiener sur 
are perpendicular to the axis of the Earth. Why is this 


so? ‘There are two ways (of Looking cstacne mater. 


Use Figure D.4. as a model. Place a straight edge 
along the line representing.the light ray that is juse 
abeve the cop of the cnomon. 

Now represent the tilting of thie Baveni see. ome. 
holding the straight edge stationary but rotating the 
diagram counter-clockwise. (See Figure D.5,) 


Interpretations 


ie BEeLnespoOlesc Erte taway *from “the «sun, wll the Patitude 


of an observer change? 


2. If the pole tilts away from the sun, will the gnomon 


angle change? 


3. If the angle changes, will it increase or decrease? 


Procedures (continued) 


C. Procedure B showed-how changing the: tilt of the axis 
causes the gnomon angle to change. However it was in 
Onewway ianaccurate.. The point in the sky at which the 
axis is directed does not change. From Investigation 3.1 
you know that throughout the year the axis of the 
Earth is-eiways directed toward the samé point in 
space. 

The second way of showing how the amount of tilt 
can be measured involves use of the globe. 

The very first gnomon investigation you performed 
resulted in a nearly straight shadow line. At the 
time you performed that investigation, days and nights 
were of approximately equal length. Set up your globe 
toemacch Lhose condiuiems,. Find out if the rays of 


Lione are perpencicuLamesco the axis. 
Interpretations 
4. Can the conditions of Procedure C be met (days and 


nights of equal length, gnomon shadow line straight) with rays 


not perpendicular to the axis? 


D-10 


5. Is there a time when the sun's rays are perpendicular 


to che earth's) axis? 
Procedures (continued) 


D. Set your model globe in a position to represent all 
the various observations that can be made at this time 
of year. The axis must be directed toward Polaris. 

In the Northern Hemisphere nights must be long, and 
days short. Gnomon shadow lines must be curved. 
Your globe should be set up as shown in the December 


pOsLeiony (Pigusespr ove 


a / to Polaris 
not naa 


Ss 





J seabebe position 


Figure D.6. In the September position, days and nights are 
of equal length and the gnomon shadow line is 
straight. This can be explained if the tilt 
angle does not incline the north pole toward or 
away from the sun. 

In the December position, days are short, nights 
are long, and the gnomon shadow line is curved. 
This can be explained if the tilt angle inclines 
the north pole away from the sun. 


Interpretations 


om 


Avesthe Gaye, or light. from the tight source stant 


Perpendicular (lo, theraxi sor *cherglobe? 


Procedures (continued) 


Ee 


Measure the height (H) of the gnomon used in making 

Tice eiaCOWartne for this investigation. Mark oft this 
distance along a vertical line in your notebook. See 
Progurce sD. is Measure the distance from the base of the 
gnomon to the closest point on the shadow line. Mark 
EnpomCboeanice a lOnGea NOrizonraleline. ‘Complete tne 
brand ke.) Use syounnprotractorito measure the. anghe 


at the top of the gnomon. 


measure this angle 


gnomon height 


Figure D./7. 


Sample drawing for Procedure E. 


distance to shadow line 


Interpretations 


wie 


gnomon? 


What is the measure of the angle at the™ tep of the 


This angle results from a combination of two things-- 


your latitude and the tilt of the eerth"s axis (Figure D8). 


8. 


Whee as your latitudes (Hints Look at your notes for 


LnVestrcat LOrmes= 1) 


SN 


angle? 


What is the difference between latitude and gnomon 


(Subtract answer to Interpretation 8 from answer to 


Interpretation 7.) 





: light from 
axis tilted gnomon angle 9 sm 


Figure D.8. Gnomon angle equals latitude plus tilt angle. 


Procedures  (conEinued) 


E..) 9, This) Last -angle equals themamount tor tile tom sche 
Earth's axis. Use your globe to review the changes in 


noontime shadow length as the Earth moves from equinox 


iO SOMSiELeEAs 
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TEACHER 
MATERIAL 


OBSERVATION D.4: The Sun Stands Still (December - January) 


Although the investigation should ideally be performed 
on December 22,. that will not always be practical. December 22, 
PesWieet ee OLGlL Veo st stial Uy eOCCUrS .duringpechool nolidays. 
And weather is not always suitable for making observations of 
EnVSecObt. 

A week of leeway on one side or the other will not markedly 


SEsec ewrcollee.,  lienecc, tf the £irst, inveseigatiton Wass per ormed 





(say) a week before the September equinox, then this one ought 


to be performed the same amount of time prior to the solstice. 
Materials 


If possible teams should use the same gnomons as in 
DEeCeeCdt ng sinvestiGgations. At eny rele the students, snould: be 
sure to measure the height (H) of the gnomon and record it. 
imemeeing eae CeCOtds| 10 .1.Ss3not necessary, tO Carry OuL Observa— 
Eione Loeougi tChewenta 26 .day  BNOr Ls At necessary bo uid ~crue 
NOLEN. Magnetic north. ob detemmaine longitude. Allelbey sneed 
to know is the height of the gnomon and the length of the 


gnomon's shadow at noon- 
LESibets "possible to make observations throughout the day 


and draw in the shadow line, there should be striking differences 
between shape of shadow line now and in september. (See Figures 
Doe. 2l aiid T2224.) 


Procedures 


A. No comment. 
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B. As mentioned later in the student material, this type 
of tilting does not represent what actually Nappens. 
The Earth's axis remains at the same tilt relative to 
the plane of the orbit... “As *the Barth moves arcunderie 
sun, the direction of thesti lt relative ros ticmein 
echanges. 

Interpretations 

1. No, an observer's latitude remains fixed. 

2. Yes, the gnomon angle will change. If the latitude 


remains fixed but the gnomon angle changes, the change must 


resule from-change in orbentalrionmom cnew take. 


oe 


As the pole tilts away from the sun the angle at the 


top of the gnomon will increase. 


Procedures (continued) 


ae 


The light rays are perpendicular to che axis when cic 
globe is in the September position. If students need 
help deciding whether the light rays are perpendicular, 
you Might suggest that they use the corner of asrire 
card to measure the angle. They could hola onescormmer 


of the card at the north pole of the olobe andepoina 
one of the edges forming the corner toward the light 








source. “lf “che other edge forming the corner can: be 
pointed in the same direction as the direction of tne 
globe's axis, the rays are perpendicular. 


This discussion is really a review of Section 


Three. It is assumed that students may be a bit rusty 


on that material by now. 


De 2 
Interpretations 


4. No, such conditions cannot be met’ when light rays are 


NOtaperpendicuiar. vo the Pearth’s..axis. 


oo ene eslilwomz ey s are perpendicular sco the Herth ts 
exis twice a year. in fact the model developed) during Section 
Three and now being reviewed requires that at times, the 
SUN Serays are perpendicular to the axis. SeceBaiqure ss). 6 


September position. 
Procedures (continued) 
D. No comment. 
Interpretations 


6. No, the sun's rays are no-longer perpendicular to the 
axis of the globe. 


Procedures (continued) 


E. In Procedures A and B students analyzed sample data. 
In this procedure students are asked to analyze data 


gathered using a similar method. 


Interpretations 
7. Student answers will vary. 


eS. Student anewers wll vary.” Youtcan either allow each 
student to use the value he found in earlier investigations, 
or you can use a standard value for all members Grethe= class. 
Tf at all possible use an average value rather than a value 


Pamehine: FOmmcn mclblta sre 
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9. The accepted value for this angle is 23% degrees. 
Again, it would be much better for students to have a slightly 
erroneous value (such as 19 degrees) and a knowledge of how the 
value was obtained than to leave class with the “right"™ number 


and no idea of how it was obtained. 
Procedures (continued) 


F. No comment. 


p-13 
OBSERVATIONS DSoee Locating?’ M3130 Ani Unusuale Object 


Charles Messier was a French astronomer who lived during the 
UGeEMeCentuby. “He cCeseribed and catalogued more) than one 
hundred Mazyesources On light in the sky. 

Messier 31 (abbreviated M31) is an interesting object 
that can be seen with the unaided eye. It is located near 


the constellation pee neromeda. 


Procedures 


A tae Observation Dos you learned how to, locate the 
Great Square of Pegasus during November and 


December. Review those procedures. 


hd ¢ 
Ve Rae ee ae 


- eee SQUARE 





OF PEGASUS 


+ 
M3I-o * % x 
\ &* 
oN 
*& y * 
e 
— 
2 
\ CASSIOPEIA 
Figure D.9. 2 





B. The two lines of stars extending toward Cassiopeia 
from the brightest star in the Great Square belong 
to the Constellation Andromeda (see Figure D.9). 
The star at which these lines meet is Alpheratz. 


Locate M31 in Figure D.9 and then try to find it in 


D-14 


the sky. /-Ttitis! not very. bright and can betseengouLy: 
under good viewing conditions. Describe the appear- 
ance of M31. 


Interpretations 


1. *Whathdoryou think isothebnature of M31? 
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TEACHER 
MATERIAL 


OBSERVATION D.5: Locating M31, An Unusual Object 


Procedures 


A. The Great Square of Pegasus can be found easily in 
November and December; but the constellation can 
also be seen during the late summer or autumn in 


the eastern and southeastern sky. 


B. A line from Polaris through the western side of 
Cassiopeia leads to Alpheratz in Andromeda. 
PCUCcHiee siOoULd try Looking ab. Msi through 
bimgeulears of a celescope 1f available. It locks 
ijkenme, Origie nucleus surrounded by a haze. To 


the unaided eye it looks like a "blur" or "smear" 





cue dealer 


Interpretations 


1. M31 is also known as the Andromeda Galaxy, which 
iS pictured in the textmag Nizurem!-.26, Thigename is 
avoided in the student text in order to allow students who 


1. M31 is also known as the Andromeda Galaxy, which 
LS oLcturced in. the’ texan rice 2 eel teename 1s 


AViGUuGeE aM Ene SEUCEMENGed: i MmOmG Conon VOVeSctUCemES who 





are able to locate and observe the object to speculate on 





its meacure. M3l is thesonlyeopjeecrmumesbler co the unaided 
eye (in the Northern Hemisphere) which is not a part of our 


own Milky Way Galaxy. 
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OBSERVATION D.6: Locating Orion the Hunter 
(December to April) 


Procedures 


A. During the winter months, the constellation Orion the 
HUNEeCE NGanmle -Ocaced atin: O00%p Mm. abye ooking in the 


directionaandmecated in Figure Del. 





December January February March April 
East Southeast South Southwest West 
Figure D-10. 


For example, suppose you select January for locating 
Orion. Face southeast. Look up about half-way above 
tne horizon, and find) three bright stars in a row, 
fairly close together. These three stars mark Orion's 
belt. You might also be able to see three fainter 


Siecle suel Man OGiOnes ms wOraGls 


Figure D-11. 





Orion's Belt and Sword. 


Four bright stars eabovervand below ne velretoOcima 
rectangle that outlines Orion's body. They are 


named in Figure D.12. 


_— #* Bellatrix 


Betelgeuse # j 


Figure D-12. 


Orion's Body. 





Figure D.13 shows the way the ancient Greeks may have 


imagined Orion the Hunter. 


Figure D-13. 


Orion 


the Hunter. Sinus 





Diclucemeciien DOG Star, We \seen near Orion srright 
SOOG.. Le ts part of the constellation Canis’ Major and 


Poecie brugntesc star in the night sky. 


Interpretations 


Pe DeSscrrbewEeneumuccles Star in Orionts. sword. 


2e What is the color of Betelgeuse, and what does this 


indicate about the star's temperature? 


3. Describe Rigel. 


Procedures (continued) 


B. Betelgeuse and Sirius belong to two different constel- 
lations. However, these two stars and Procyon, in 
Canis Minor, make an interesting triangle in the 
winter sky (Figure D.14). Compare the colors of these 
three stars. List them in order of increasing tempera- 
ture (hottest last). 


PrOCyON Mangia air nae age ——----— # Betelgeuse 


Figure D-14. 


The Winter Triangle. SB 
® Sirius 





D-l7a 


TEACHER 
MATERIAL 








OBSERVATION DiGi ~LoOcabinggOr von wiies nunc iG 
(December to April) 


Procedures 


Aw Orion the Hunter is, the mose prominent, of cCheswinter 
constellations. Once correct ly a deni iad emp. Ss 
easy “tOvspot. wo very Dright stars, Bbecelgeuce 


and Rigel, are in this constellation. 
Interpretations 


i.» TheamiddlevstareinsOcLon Vseswordsappearemruzzyen .lt 
is Orion 's,.Nebula and appears, cloud—Vikes inte lescopeseand in) 


photographs. 


Ze) )Betbelgeuse 4s reddish in .<olomy  LEaiel relatively Recor 


and extremely large. 


3p RaGei wre blULShi=wiekee. OLitgvsMamvesry hot star and the 


brightest in the constellation. Betelgeuse is second brightest. 
Procedures (continued) 


Bem Becyon Srnec Draghrest Stargin Canis Minor, isha 
yellow star. Sirius is blue-white and Betelgeuse is 
red. Listed in order of increasing temperature, they 


would, be Betrelqeuse, (Procyon, andmo1 rius. 


uae N 
~ 7 
wand ot tb 





OBSERVATLON Di/s “Photeoqrapiimemo tae | acs 


You have seen that the positions of constellations are predict-— 
able. The paths stars seem to follow are caused by the motions 
of the earth; moving along its orbit, through enesy eageand 
SPLNNING Sonic sowie. 

If you have a camera you can,make a record of the paths 
stars appear to follow. [ff you) are not able sto veake phorogeabia. 
you can get the information you need to answer the Interpretations 
in this investigation by looking at Figures p15 and Uslo- 
Analysis of the paths can be related to the models developed 
in Sections Two and Three. And it may help you understand the 
basis for some of the ideas concerning the arrangement of stars 


in space. 
Materials 


Camera with time-exposure setting 


TPLped 
Procedures 


A. Plan to photograph the stars on a nignt, thacjasmeleas 
and moonless. (The moon would provide too much light.) 
Filmtis rated according to ats sensitivity omens 
The larger the ASA number, the smaller the amount of 
light needed to produce a picture. Use £ilmewuepmen 
ASA Gating of LOO" or More, DE sposerole. 

if a tripod is available, attach your camera to 
it. This will keep it in a steady position. | Othernwiee. 
you will have to prop the camera in a position where 
it will not be moved. 

Many cameras have f-stop settings. If yours does, 
set it to the widest opening. If your camera has an 
adjustable focus, set 2t atuineunae,. 


Beweaimeyvour Camera so that Polaris.,is in the center of 
your camera's viewer. Set the time exposure and open 
themshuttcem. Keepsthewshutter open for at least an 
hour. Be sure that nothing will interfere with the 
camera and that no other object will obstruct the 


VLew Cur nGgethtaweame’. 


Interpretations 


Veet sVOUnetemeiecescrul your picture will be) somewhat 


Siimmebaiwy LOsthe Onesaneraigure D.15. 





Figure D-15. Star trails near Polaris. 


Notice that each arc is only a small portion of a 
cineutar path. What part Of the circle would each arc represent 


if the exposure was one hour? 


2.-“Why is it impossible ior you rosexpo]— the film so 


that) starsstrece complete fetretes% 


3. Where and when do you think it would be possible 


to obtain complete, circuler (stam uremic? 
Procedures (continued) 


C. You can use your camera to Bbake another Type Gpasue 
ei asap br Une. 

Set. up "your" camera as before, bul porn Ge wee ate 
southern constellation. Sight the constellarionmee 
that it appears on the left side of your viewer instead 
of in the *center.. This’ will) leave, room for thewtraite 
to. appear. 

Open the shutter for only one minute, then cover 
the;lens for five minutes. ..Uneover Mtkagain Teonsabouu 
one hour and a half. By covering the: lens; fon tive 
minutes a separation can be made between. a picture 
Of whevtconstel lation hand ihe etraiilae 


Experiment with several other star trail pictures. 
Interpretations 


4. Your picture might be similar to Figure D.16. 


Why are the trail lines ‘stranght insteadeoimer: cmucr. 


D2 





PisdresD=lOamoLar trails. 
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TEACHER 
MATERIAL 


OBSERVATION D7: “Photographing wotatelraris 
Materials 


Almost any camera will do, but those with f-stop settings 


will give better results. 
Procedures 


A.-B. Encourage the students to try this even though they 
may not have cameras with all of the adjustments 
mentioned. The key to success is having a stationary 


camera focused on Polaris for at least an hour. 
Interpretations 


1. If the exposure was one hour, each arc will be 15° 
long (1724 of “a complete circle)”, “Lueis thesrotatioumor gene 
earth that results in the apparent rotation of the circumpolar 


stars around Polaris. 


Zee LOmeEracera complete circle of star light would take 
24 nours. Lee would: be ‘daylight for part of that time wana 


stars are not visible during the day. 


3. You =might be able sco obtainvycomplete cimculearee ear 
tralls ianside thevArctic Circle after our mwinterseeqias som 


within the Antarctic Circle during oun summer season. 


D-21b 


Procedures (continued) 


Ce S Obten Can be spnetogranhed in winter. Dts bright. sters 





will leave excellent trails. 


interpretations 


A einem cise) eel inesiecine sO eC irnCullmars because aune sconstcel— 


lation chosen moves more nearly in a plane with the observer. 





In Figure p.16 it is shown moving toward the western horizon. 


D=22 


OBSERVATION D.8: Locating the Star Capella 


(January-February) 


Procedures 


A. Capella can be found in the night sky anytime from 
autumn to. spring. However, it is quite easy to pick 
it out between mid-January and the end of February. 

To find Capella in mid-January, face north at 
9-30: p.m.) and’ lookup Pyeust about “overhead. “Capelia 
is the brightest star minis part OLe me scm. 

By January 24 the star will be overhead at 
9:00 p.m., at G00 p.m One! ebouaty sc ae G scomon 


until the end of February. 
Interpretations 


ee Describe, the appeerance vor seapelila. 
Capella is ain the constellation Auriga.) lew. oson- mo 
the stars used by sailors and airmen to help them locate their 


DOsiLULOn . 
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TEACHER 
MATERIAL 


OBSERVATION D.8: Locating the Star Capélla 


(January-February ) 


Procedures 


Aero COUrcses@epeltarcan be seen in positions other chan 
overhead. Once it has been identified, it can easily 
DemcOUNnCGSIwOLneGeparte of the spring cky. Por 
example, elo Can, be seen at 9:00 poem. on March 10 by 


facing the southwest and looking high in the sky. 
TyCer pret at Lom.= 
ls Capella Sea chesbriohves te state inwenerpart of the sky 


viewed. Jt is yetlow and does not»®twinkles It is a first— 


Magnitude star/ and fLfth—brightest of all the stars. 
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OBS ERVATEONSDSO Me focating she Stars Arcturus and Spica 
(Mid-March to August) 


Procedures 


A. BGR DET GOieeocetemeene be Sceninethe vicinity of the 
Bug) Duppeecuring the spring and summer months. To 
PANnCwALGrUDicweEOLlOWeene curve in the handle of the 
Prem Ip permcOne Dremoneasrar (Figure D.17). The 
distance between the star at the end of the Dipper's 
ave ewetCmueecUmRUom = e20Olcmcaual, to the distance 


between the Pointer Stars and Polaris. 


Figure D-17. 
I 


locating Arcturus. 


! 

| 

| 

| 
bee 





Interpretations 


ie WioeecoOloOm does Arcuurus appear to be: 
Arcturus woe Stan in the constellation Bootes 


(Pioure fs). 


D-24. 
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Figure D-18. 
The Constellation Bootes. 


\ | 
\K 
# Arcturus 





Procedures (continued) 


B. Once youeknomhow Co find@Arceurus sis is Casy to find 
Che Stageeo nec. 


Continue tracing the arc from the Big Dipper to 


Arcturus toward the hortzonw. Thes@exc bright star 


you will see is Spica (Figure D.19)- You can remember 
how to find the two new stars by the sentence, "Arc 


to Arcturus end sSpecd tol scpeean. 


Interpretations 


2- Describe the appearance of Spica. 


Figure D-19. 





locating Spica. 
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TEACHER 
MATERIAL 


OBSERVATION D.9: lU@cating "the Shaw eclltUema tc op mca 
(Mid-March to August) 


Procedures 
A. No comment. 


Interpretations 


1. Arcturus appears "orengcmummcoloOE) FLUmtowameerSt— 
magnitude star. ltpas) stxthebrigheesrsine ele wey sanee che 
fourth brightest that can be seen from North America. The 
diameter of Arcturus"i8 about SOV times) that vor mtieveum . 

Procedures (continued) 


Be. No comment. 


Interpretations 


2e oOpica 1sS.a very bright.stat Cf ins pamegiicUoc.m eee 
color is bluish-white. 
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APPENDIX E 


EQUIPMENT AND SUPPLIES 


Table 1 includes all equipment and supplies needed for the 
Investigations and Teacher Demonstrations for the Second 
Experimental Edition of Interaction of Barth andslime. 
Quantities 1Tisted are for aycleass to sup CO.) serge rs me 
ten teams of three or four students each. If your classes 
are substantially smaller, youlpmay wisi to decvease rie 
quantities ordered. Most items listed under "equipment" 
are nonconsumable and can be used for more than one class. 
Items listed as supplies are largely consumable, and you may 
wish to increase the quantities listed if you teach several 
classes. Many items can be obtained locally or provided 
by students. Also, you may wish fo adjust ,the number of 
students per team. 

Table. 2 lists equipment end @supplies= by inviestigacvon 


or demonstration as an added convenience to the teacher. 


* Items marked with an (*) may be considered optional. The 


course can be taught without them if necessary. 








Tile iclet tats LOL Ole Class. 
Quantity Equipment Quantity Supplies 
ns Barometer,yaneroid 2 boxes Paper clips (jumbo 
10 Baking dish size) 
10 Beakers,, 600m, Pyrex ee eee 
5 Compass, Macgivetic e°rOtls ues 
10 Compass dea reing stron Clue 
2 ee oo 10 Gallon jug, empty 
20 Pullers (Meets 2 Rubber suction, darts 
English) »¢lexible 2opkgs. Beat i vexcards 
plastic (30cm) 5 haste OS 
; eens | eas 2 PePaemeree 1", 
eS pitas ee Ses eel OLnG. Or cave 
10 Leomicr source, lamp ds hea ee 
Pliers, needle nose 10 Wire clothes hanger 
or tongs 5S pkos. Modelamng clay, 
a Clock (second hand)* a2 box Strad.gics pins 
35 PLOLractor I DOx Rubber bands 
10 Scissors 5 Cardboand,a20emn x 20cm 
10 Globe (small, Nerf 35 Wienhght, fishing, 1 oz. 
ball or equivalent) 1 ball String, kite type 
1 Es eile ree 
1 Stapler aE 
ae Be Gers’ 15 Solid metal objects 
3 Ringstand with ere. mecha 
ings ;oclamps y& 
wire gauze Yeast* 
Teianeu hapeapie DeeGsophvle *culscure* 
10 Weight (force) gauge 10 Tin cans, large (#10) 
(see text) am yctosih Aluminum lfoiLl, heavy 
= SPACERS Ucar lg indicator solution 
10 Erlenmeyer flasks, (bromthymol blue) 
eee 10 Baby food jars, 


Without , lads 








Quantity Equipment Quantity Supplies 

10 Stoppers, one-hole #1 10 Baby food jars, with 

10 Stoppers, two-hole #6 pelle 

AN Graduated cylinders, a. PhGss er toke po aee ee 
100m1 Le i. Mineral oil 

Ze) Thermometer, alconol wl. one. Plastic DPageayeel qt. 
-~lO) 120-6 suze 

1 each Cy landers. Oxygen, 10 Candles 
geo Le bOx Matches essace cy 
! " 
Bee rpc 1 pt. Dilute hydrochloric 
Concrete building acid 


Bae ok orci 20 £t. Rubber tubing (to 
fie 6mm -O.D Ssolass 
ib Balance, 0.0Olg tubing ) 


sensitivity” 2 bse Glass tubing, 6mm O.D. 


a Wien cuUteing splaens > lbs. Lost enone 
: es ree 20 Test tubes, 18 x 150mm 
: ase Ke) Wire screen 1/2" mesh 
i Knife GihasaeS” 
50 Magnets, ceramic 1 pad Grapht paper, ch/2l grad 
1-5 Light meter* Lbox. TOOthpDicks 
10 DOV See 7/2! Caine tera les pica Paper places. vemai: 
at ! 
cme ata Teokecire Plaster sof  faris 
10 Lens’, 1 1/2" “diameter : 
A length 12" 1 bottle Petroleum jelly 
10 Lens, 1 1/2" diameter 1B Uelep.s olides microscope 
Cate i, fail Plastic wrap 
120 Datiractiomegrabing, mes pe toesiger sais ce Ne 
transmission type 50 Wood blocks, approx. 
(3em se 23cm.) Lo 9 cm 
Light sources IDICG:. Black “cons ruction 
: Neon bulb paper 
Pimonescent bulbi* : F 
é THeAnt CC anE Hn Ditto “ilgid Gan, enoiy 
bulbs, assorted i pkae- FTES ra Sys Rx ot 
wattages (200, 
LOO ae oeEtCO 5 OD > Nek Table salt 
10 Mirror, concave, aan ee 
shaving 10 Sponge 
10 Mieror, Splat swsmal ih Bucket, 3 Gatien 


Sueloss Sand 


Quantity 


Equipment 


Quang ley 


ie ped Bie 
RL 
uf Vien 
ib Gey 





iL jOlEG c 
pkg. 
1 ream 
20 
10 


‘oe 


1 pkg. 
ine) 
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supplies 


Feldspar 

Calcite 

Mica 

Quartz 

Medicine droppers 
vewkow 

Rodes tone 
Sedimentary rock set 
Mineral set 

ULE ing, rod 

Paper cups 
COmiis@arch 

Quadrille paper 
Cazdboard, 25cm xX —25¢em 


oMmalil, tlat-sided 
bottles with cap 


Nom-tacidry milk 
Metamorphic rock set 
Igneous) DOCK weet 
Gauze 

Drosophila medium 
Shoebox 


Conmtenier, 7 plasiiic 
(Al MMI x ZAM 


mene Wer) | Wcle eect fens 


Dice 
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